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Abstract

Background As the prevalence of hypertension increases in China, it is advised to use salt-restriction spoons (SRS)
as a lifestyle modification. This study aimed to examine the associations between estimated salt consumption, SRS
usage, and the hypertension status in individuals with poorly controlled hypertension.

Methods Data was collected in Huzhou City, Zhejiang Province, in 2021 using convenience sampling. The analysis
involved ordinal logistic regression and restricted cubic splines to assess the relevant factors.

Results The study found that 73.34% of the 1215 patients had uncontrolled blood pressure (BP). Urinary excretion
was assessed through the utilization of the Kawasaki, INTERSALT, and Tanaka formulas. The outcomes of these three
methodologies revealed average daily sodium excretion values of 208.70 (65.65), 154.78 (33.91), and 162.61 (40.87)
mmol, respectively. The prevalence of utilizing SRS was found to be 37.78% in this study. Despite the acknowledg-
ment among SRS users of the potential hazards associated with excessive salt consumption, there exists a contra-
dictory pattern of attitudes and behaviors concerning salt reduction. Among individuals with different levels of salt
intake (quartiles 1-4, Q1 vs Q4), there was a positive association between limiting salt and hypertension status
when controlling for other variables (Kawasaki adjusted OR=0.58, 95% Cl=0.43-0.79; INTERSALT adjusted OR=0.62,
95% Cl=0.41-0.92; Tanaka adjusted OR=0.61, 95% Cl=0.45-0.92, p < 0.05). Our research also revealed that using

or used SRS was a protective factor for blood BP control (adjusted OR=0.79, 95% Cl=0.64-0.99, P<0.05). The
restricted cubic spline plots illustrated a monotonic upward relationship between estimated 24-h urinary Na and BP
(P-overall association < 0.05; P-non-linear association > 0.05).

Conclusions The use of dietary SRS could result in decrease in daily salt intake for BP control in patients with poorly
controlled hypertension. To reduce the impact of high BP in China, additional studies are required to create interven-
tions that can enhance the results for patients.

Keywords Poorly controlled hypertension, Estimated salt intake, Spot urine, Salt-restriction spoon, Knowledge,
Attitudes, Behaviors

*Correspondence:

Yimei Shen

yimei_shen@126.com

Full list of author information is available at the end of the article

©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.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12937-024-00912-w&domain=pdf

Zhang et al. Nutrition Journal (2024) 23:9

Introduction

The relationship between salt and blood pressure (BP)
has been characterized as a nuanced equilibrium, and the
precise nature of the dose—response association remains a
subject of debate [1-3]. Extensive evidence indicates that
a diet high in salt leads to increased BP, a prominent risk
factor for cardiovascular disease (CVD) [4]. Global mortal-
ity data on CVD reveals that exceeding the recommended
salt intake is accountable for approximately 1.65 million
deaths each year [5]. Nevertheless, a minority of research-
ers have posited that the advantages of sodium restric-
tion for individuals with normal BP are modest and may
potentially raise blood lipid levels and mortality risk [6].
Notably, China’s daily salt consumption surpasses 12 g [7],
exceeding the recommended limit of 5 g per day set by the
World Health Organization (WHO) [8]. In China, it is rec-
ommended to use salt restriction spoons (SRS) as part of
interventions aimed at reducing salt consumption among
hypertensive individuals [9]. SRS are available in various
sizes and shapes (e.g., 2, 3, and 6 g), enabling users to reg-
ulate their salt intake by estimating the required amount
[10]. Nevertheless, there is a dearth of epidemiological
data concerning the correlation between salt consump-
tion, the utilization of SRS, and the hypertensive status of
patients with poorly controlled hypertension in China.

The most precise method for assessing salt intake is
through the collection of urine over a 24-h period, despite
the inconvenience and impracticality of this approach in
population-based epidemiological surveys [11]. The bur-
den placed on participants has led to the exploration of
alternative, more manageable methods for estimating
24-h urinary sodium excretion using spot urine samples,
such as the Kawasaki [12], INTERSALT [13], and Tanaka
methods [14], which are commonly employed. Moreover,
WHO advocates for the adoption of spot urine techniques
as a viable approach to estimating salt consumption in
developing countries [8]. As a result, our community-
based epidemiological field study utilized three spot urine
methods, one of which is the Tanaka method, which has
been endorsed by the Japanese Society of Hypertension
in their clinical practice guidelines, despite its deviation
from accurate salt intake measurement [15]. The primary
objectives of this research endeavor were to assess salt
intake levels and explore potential correlations between
sodium consumption and various factors, with a particu-
lar focus on hypertension status. We conducted additional
analysis to examine the non-linear association between
salt intake and BP. It should be noted that our restricted
cubic spline regression model may not yield accurate esti-
mates when spot urine methods are utilized. By utilizing
this information, it is possible to estimate the salt intake of
individuals with uncontrolled hypertension, thereby facil-
itating efforts to promote salt reduction in China.
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Materials and methods

Participants

A cross-sectional study was carried out in twenty com-
munities/villages spanning ten streets/towns. A total of
1215 patients aged 35-75 years, who had primary and
poorly controlled hypertension based on two or more
consecutive measurements, were recruited for follow-
up from January to August 2021. These patients were
referred by their primary care physician for the manage-
ment of uncontrolled hypertension and had been taking
antihypertensive medications for at least one year. To
prevent the manifestation of specific conditions, indi-
viduals who had additional organic cardiopulmonary
vascular diseases, secondary hypertension caused by sys-
temic diseases, psychiatric disorders, or intellectual dis-
ability were excluded from the study. Participants were
requested to fulfill a standardized questionnaire, undergo
a physical examination, and undergo laboratory testing.
The research protocol received approval from the Ethi-
cal Review Committee of the Huzhou Center for Disease
Control and Prevention.

Standardized questionnaire

Trained data collectors administered a questionnaire
to patients, gathering information on their (1) socio-
demographic characteristics, (2) smoking and alcohol
habits, physical activity levels, (3) current usage of anti-
hypertensive medications, and (4) knowledge, attitude,
and behavior regarding salt consumption and eating hab-
its. Some of the questions were selected based on prior
research [16]. Individuals who had smoked more than
100 cigarettes in the past were considered former smok-
ers, while current smokers were those who had smoked
at least one cigarette daily for six consecutive months.
Alcohol consumption was determined by a response
indicating a frequency of at least once per week in the
previous year, while individuals who did not meet this
criterion were considered nondrinkers. Physical activity
was defined as > 150 min per week of moderate-intensity
or a combination of moderate and high-intensity exercise
or >75 min of high-intensity exercise [16].

Physical measurements

Following standardized protocols, measurements of height,
weight, and BP were conducted. To ensure consistency in
the measurement of height and weight for every partici-
pant, the Huachao Hi-Tech comprehensive height scale,
with a precision of 0.1 cm for height and 0.1 kg for weight,
was employed. BP was measured using the Omron HBP-
1300 electronic sphygmomanometer with an accuracy
of 1 mmHg, using the BP measurement method recom-
mended in The Chinese Guidelines for the Prevention and
Treatment of Hypertension (2018 edition) [9]. Patients are



Zhang et al. Nutrition Journal (2024) 23:9

requested to seat for at least 5 min in a quiet room before
BP measurements, and keep the upper arm at the heart
level. Following the computation of the body mass index
(BMI), the resulting values were categorized into vari-
ous classifications based on Chinese guidelines, including
underweight (BMI<18.5), normal weight (18.5 <BMI <24),
overweight (24<BMI<28), and obese (BMI>28) [17].
Additionally, hypertension was classified into three distinct
groups based on the recorded BP levels during this period,
adhering to the global guidelines established by the Inter-
national Society of Hypertension in 2020 [18]. The catego-
ries encompass the normal blood pressure group (Normal
BP), which is defined by a BP reading below 140/90 mmHg.
Additionally, there is the grade 1 hypertension group, char-
acterized by a systolic blood pressure (SBP) ranging from
140 to 159 mmHg and/or a diastolic blood pressure (DBP)
ranging from 90 to 99 mmHg. Lastly, there is the grade 2
hypertension group, characterized by a SBP equal to or
exceeding 160 mmHg and a DBP equal to or exceeding
100 mmHg.

Collection of urine and laboratory analysis

Respondents were given a 10 ml of standard urine collec-
tion container, and the fasting spot urine samples were
obtained in the early morning after the first void, and all
participants gave their informed consent by signing the
necessary document. The urine samples were then depos-
ited in 4 °C cooler containers and sent within 24 h to the
central laboratory, where immediate analyses were con-
ducted. C501 automatic biochemical analyzer (Roche
Company of the United States) was utilized to detect uri-
nary creatinine concentration by enzymatic method.

Estimation of 24-h sodium excretion from spot urine
samples
The Kawasaki formula [12] is as follows:

Prashna = 16.3 X \/Suna/Sucr X Praancy 1)

Where Pr, 4 ¢, for men=15.12xXW+7.39xH - 12.63XY
— 799 and for women=8.58XW+5.09xH — 4.72xY
- 74.95.

The INTERSALT formula [13] is given as:
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24-h urinary creatinine excretion value (mg/day); Suy, is
spot urine sodium (mmol/l); Su, is spot urine potassium
(mg/day); Suc, is Spot urine concentration (mg/dl); W is
weight (kg); H is high (cm); Y is age (years); BMI is body
mass index (kg/m?).

By using the following equation, we can convert urine
sodium excretion values (mmol/day) into urine salt
excretion values (g/day) [19]:

Estimated 24/ salt intake (g/day) = Prognng x 0.0585 (3)

Statistical analysis

Statistical analyses were performed using SPSS soft-
ware version 21.0 (IBM, Armonk, New York, United
States), GraphPad Prism 8 software and R version 4.2.3.
Normally distributed data were presented as the mean
(standard deviation) through one-factor analysis of
variance (ANOVA). Spot urine sodium, potassium, and
concentration were reported as the median (M) and
interquartile range (IQR) for non-normally distributed
data, analyzed using the Kruskal-Wallis test. The chi-
square test was employed to compare categorical vari-
ables among participants. A univariate ordinal logistic
regression model was employed to examine the risk
factors associated with hypertension among the partici-
pants. Following the univariate analysis, variables with a
significance level of p<0.1, along with sex, were incor-
porated as independent variables in the model, while
hypertension status served as the dependent variable.
The model successfully passed the parallelism test, and
for the subsequent multivariate analysis, ordinal logistic
regression was utilized. To assess the shape of the rela-
tionship between sodium and BP, we created restricted
cubic spline plots adjusted for age, sex, region, BMI,
alcohol consumption, and number of antihypertensive
medications. Data were fitted by a linear regression
model, and the model was conducted with 4 knots at
the 5th, 35th, 65th, 95th percentiles of age (reference
is the 5th percentile). Statistical significance was deter-
mined at a threshold of p < 0.05.

Results

Prynna for men = (25.46 4 0.46 X Sun,) — 2.75 x Sucy — 0.13 x Suy + 4.10 x BMI 4+ 0.26 x Y, and for women
= (5.07 4+ 0.34 x Suna) — 2.16 x Sucy — 0.09 x Suy + 2.39 x BMI 4 2.35 x Y3 — 0.03 x Yy

The Tanaka formula [14] is given as:
P7'24hNa =21.98 x (SMNLI/SMC;" X Pr24hcr)0‘392 (2)

Where Proy . =14.89X W +16.14XH — 2.04XY — 224445,
In the above formula: Pryy,\, is predicted 24-h urinary
sodium excretion value (mmol/day); Pry;, is predicted

General demographic characteristics of participants

Table 1 presents the descriptive analysis of the principal
characteristics and laboratory parameters of the study
population. 1215 patients with poorly controlled hyper-
tension were eligible for inclusion in the study, of which
53.66% were men; 54.24% had a low education level
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Table 1 Socio-demographic and laboratory parameters characteristics of 1215 participants by classification of hypertension status

Variable Normal BP (n=324) Grade 1 Hypertension  Grade 2 Hypertension  p Value
(n=575) (n=316)
Age (years) (mean +SD) 61.67+757 60.41+7.80 60.71+7.82 0.060
Gender, n (%)
Male 160 (49.38) 318 (55.30) 174 (55.06) 0.196
Female 164 (50.42) 257 (44.70) 142 (44.94)
Region, n (%)
Rural 165 (50.93) 219 (38.09) 98 (31.01) 0.000*
Urban 159 (49.07) 356 (61.09) 218 (68.99)
Education Level
Primary or below 174 (53.70) 320 (55.65) 165 (52.22) 0.513
Secondary 113 (34.88) 198 (34.43) 113 (35.76)
Tertiary or above 37 (1142) 57 (9.91) 38(12.03)
BMI groups (kg/m?), n (%)
Underweight/Normal weight 117 (36.11) 167 (29.04) 76 (24.05) 0.004*
Overweight 145 (44.75) 270 (46.96) 146 (46.20)
Obese 62 (19.14) 138 (24.00) 94 (29.75)
SRS using or used, n (%) 131 (40.43) 229 (39.83) 99 (31.33) 0.023*
Physical activity, n (%) 128 (39.51) 219 (38.09) 113 (35.76) 0613
Alcohol consumption, n (%) 83 (25.62) 211 (36.70) 127 (40.19) 0.000%
Smoking status, n (%)
Never smoked 210 (64.81) 354 (61.57) 198 (62.66) 0.675
Former smoker 35(10.80) 78 (13.57) 45 (14.24)
Current smoker 79 (24.38) 143 (24.87) 73 (23.10)
Number of antihypertensive drugs taken, n (%)
1 241 (74.38) 394 (68.52) 190 (60.13) 0.000*
2 74 (22.84) 161 (28.00) 101 (31.96)
>3 9(2.78) 20 (3.48) 25(7.91)
Systolic blood pressure, (mm Hg) (mean +SD) 12864+8.31 146.28+7.69 165.88+12.03 0.000*
Diastolic blood pressure, (mm Hg) (mean +SD) 793 1+6.86 87.76+722 9647 +9.01 0.000%
Laboratory results (M(IQR))
Suy, (mmol/L) 116.00 (69.00) 123.00 (73.00) 134.00 (69.00) 0.002*
Suy (mmol/L) 26.75 (23.43) 27.84(22.24) 25.25(17.14) 0.049*
Sug, (mg/dL) 9.57 (7.64) 1061 (5.47) 9.54 (8.57) 0.102

Age, systolic blood pressure, and diastolic blood pressure are expressed as mean (SD), using one-factor analysis of variance (ANOVA); Suy,, Suy, Su, and Suc, are
expressed as the median (M) and interquartile range (IQR), which is used for data with non-normal distributions using Kruskal-Wallis test to compare

"p<0.05

(primary or below education), 60.33% were rural dwell-
ers, and the mean (SD) age of the participants was 60.83
(7.76) years, the mean (SD) BMI was 25.96 (3.75) kg/m?.
Regarding the hypertension status, normal BP, grade 1,
and grade 2, the rates were 26.67%, 47.33%, and 26.01%,
respectively. Of all participants, 37.78% had previously or
were currently utilizing salt-restriction utensils, 37.86%
had physical activity, 34.65% consumed alcohol, 62.72%
were non-smokers. Participants who had taken multi-
ple antihypertensive medications were more prone to
have uncontrolled hypertension (p<0.001). Mean SBP
and DBP were 146.67 (16.33) mm Hg and 87.77 (9.85)

mm Hg, respectively. The median (IQR) concentrations
of sodium, potassium, and urine were 124.00 (70.00)
mmol/L, 26.78 (20.82) mmol/L, and 10.01 (8.07) mg/d],
respectively.

Comparison of estimated 24-h urinary sodium excretion
and salt intake

The estimated 24-h sodium excretion mean (SD) values
by the three methods (The Kawasaki, INTERSALT, and
Tanaka formula) were 208.70 (65.65), 154.78 (33.91), and
162.61 (40.87) mmol/day, equal to a salt intake of 12.21
(3.85), 9.05 (1.99), and 9.51 (2.39) g/day, respectively.
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Figure 1 depicts the estimated distribution of 24-h uri-
nary sodium excretion based on hypertension status,
those who at grade 2 hypertension had the highest 24-h
urinary sodium excretion of all hypertension grade
groups (p<0.001).

The average sodium consumption among males tended
to be higher than that among females (INTERSALT
method, 10.08 g/day vs 7.87 g/day, p<0.001; Tanaka
method, 9.68 g/day vs 9.36 g/day, p<0.05; no difference
in Kawasaki method, respectively). Individuals with
higher levels of education exhibited lower sodium intake
compared to those with primary education (Kawasaki
method, 11.14 g/d vs 12.43 g/d, p<0.001; INTERSALT
method, 8.90 g/d vs 9.34 g/d, p<0.001; Tanaka method,
8.73 g/d vs 9.71 g/d, p<0.001, respectively). Obese par-
ticipants had a higher daily sodium intake compared to
underweight or normal-weight participants (Kawasaki
method, 13.05 g/d vs 11.58 g/d, p<0.001; INTERSALT
method, 10.22 g/d vs 8.17 g/d, p<0.001; Tanaka method,
10.07 g/d vs 9.10 g/d, p<0.001, respectively), and individ-
uals with grade 2 hypertension consumed more sodium
than those with normal blood pressure (Kawasaki
method, 12.97 g/day vs 11.69 g/day, p<0.001; INTER-
SALT method, 9.40 g/day vs 8.74 g/day, p <0.001; Tanaka
method, 9.97 g/day vs 9.21 g/day, p<0.001, respectively).
Furthermore, participants who had previously used or
were currently using SRS demonstrated a lower average
daily sodium intake than those who had not (Kawasaki
method, 12.03 g/day vs 12.94 g/day, p <0.05; INTERSALT
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method, 8.86 g/day vs 9.42 g/day, p<0.001, Tanaka
method, 9.42 g/d vs 9.89 g/d, p <0.05, respectively). Over-
all, responses exhibited a similar salt intake pattern, strat-
ified by three methods (Table 2).

Associations between estimation of salt intake and SRS
and hypertension status in patients with poorly controlled
hypertension

The results of the univariate analysis indicated that a
lower salt intake (the Q1 vs Q4 of salt intake, Kawa-
saki method, crude OR=0.52, p<0.001; INTERSALT
method, crude OR=0.55, P<0.001; Tanaka method,
crude OR=0.59, P<0.001, respectively); an urban ori-
gin (crude OR=0.56, p <0.001); using or used SRS uten-
sil (crude OR=0.77, p<0.05), were protective factors
for BP control. It was also showed that body mass index
(crude OR=1.05, p<0.05); alcohol consumption (crude
OR=1.55, p<0.001); increasing number of medications
(crude OR=1.45, p<0.001, 2 vs. 1; crude OR=2.64,
p<0.002, 2 vs.>3) were risk factors for BP control
(Table 3).

After controlling for confounding variables such as age,
sex, region, BMI, alcohol consumption, and number of
antihypertensive medications, a multiple logistic regres-
sion analysis was employed to examine the statistical
significance of differences in salt intake and SRS usage in
relation to hypertension status. Figure 2 illustrates that
individuals with a lower estimated salt intake (specifically,
those in the first quartile compared to the fourth quartile)
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Fig. 1 Distributions of the estimated 24-h urinary sodium excretion values by three methods according to hypertension status
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Table 2 Factors associated with salt intake by three methods in the study population
Variable Kawasaki of Salt p Value INTERSALT of Salt p Value Tanaka of Salt p Value
intake (g/day) intake (g/day) intake (g/day)
Sex
Male 1241+£3.86 0.053 10.08+1.79 0.000* 9.68+2.48 0.020*
Female 11.99+3.83 7.87+1.48 9.36+2.30
Region
Rural 12.34+3.86 0.727 9.14+£1.86 0.002* 9.58+237 0711
Urban 12.02+3.84 892+2.16 941+242
Age groups
35-44 12.83+4.56 0.052 9.58+1.72 0.000% 9.64+2.71 0.158
45-59 11.87£3.69 9.00+1.87 9.28+2.31
60-75 1232437 9.13+194 9.53+2.69
Education Level
Primary 1243+£391 0.002* 934+1.94 0.001* 9.71+243 0.000*
Secondary 12.22+3.89 893+1.71 944+2.39
Tertiary or above 11.14£3.22 8.90+2.05 8.73+£2.01
BMI groups (kg/m?)
Underweight/Normal weight 11.58+3.46 0.000* 817+£1.87 0.000* 9.10+2.15 0.000*
Overweight 12.18+3.99 901+£1.82 948+247
Obese 13.05+£3.89 10.22+1.87 10.07+£243
Hypertension status
Normal BP 11.69+348 0.000% 8.74+£193 0.000% 921+£2.19 0.000*
Grade 1 Hypertension 12.09+3.96 9.04+1.99 943+248
Grade 2 Hypertension 1297391 9.40£2.00 9.97+£2.36
SRS Status
Using or used 12.03£3.57 0.0048* 8.86+1.91 0.001* 9.42+240 0.021*
Never use 12.94+3.87 942+2.03 9.89+3.04
Total 12.21£3.85 9.05+1.99 951+£2.39

Data are presented as mean (SD). ANOVA was used to compare the salt intake of different characteristics of the participants

*p<0.05

according to the three measurement methods were more
inclined to exhibit a lower level of hypertension (Kawa-
saki adjusted OR=0.58, 95% CI=0.43-0.79, P<0.001,
INTERSALT adjusted OR=0.62, 95% CI=0.41-0.92,
p<0.05, Tanaka adjusted OR=0.61, 95% CI=0.45-0.92,
P<0.05). Our findings suggest that the utilization of a
SRS for cooking was associated with a reduction in salt
consumption, resulting in a deceleration of BP decline
(adjusted OR=0.79, 95% CI=0.64—0.99, P<0.05).

Relationship between estimation of sodium and BP

Figure 3 illustrates the dose—responsive correlation
between estimation of sodium and BP from restricted
cubic splines with 4 knots at the 5th, 35th, 65th, 95th
percentiles of sodium (reference is the 5th percentile).
The B of SBP and DBP exhibited an upward trend as
sodium levels increased (P-overall association<0.05;
P-non-linear association >0.05). According to Kawasaki,
INTERSAL, and Tanaka’s formulas on urinary sodium
measurement, the spline analysis showed comparable

patterns in the correlation between sodium intake and
BP, without any discernible flattening of the curve at
extreme levels of sodium exposure. However, the magni-
tude of this association varied across different methods
of urinary sodium measurement when employing the
same statistical model.

Questionnaire-based survey of knowledge, attitudes,

and behaviors about salt intake by hypertension status
The findings indicate that a significant proportion
of respondents (79.18%) demonstrated awareness
regarding the adverse consequences associated with
excessive salt consumption. Notably, individuals who
had utilized SRS reported significantly higher levels
of knowledge in this regard compared to those who
had not used SRS (p<0.001). It is worth mentioning
that a considerable portion of researchers (37.78%)
lacked awareness regarding the recommended daily
sodium intake, which should ideally be less than 6 g
of salt per day. Furthermore, a substantial majority of
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Table 3 Univariate analysis about the risk of hypertension
among participants

Variable Crude OR  95%ClI p Value
Male (vs. Female) 117 0.95-144 0.146
Urban (vs. Rural) 0.56 0.45-0.69 0.001*
Age (years) 0.99 0.98-1.01 0.090
BMI (kg/m2) 1.05 1.01-1.08 0.002*
SRS using or used (vs. Never use) 0.77 0.62-096 0.019*
Alcohol consumption (vs. Nondrinkers) 1.55 1.24-193 0.001*
Number of antihypertensive drugs taken, n (%)
2 (vs. 1) 145 1.14-1.83  0.000*
>3(vs. 1) 2.64 1.57-4.46 0.002*
Salt intake Quartile
Kawasaki method
Q1(<9.55) vs. Q4(> 14.24) (g/day) 052 0.39-0.71 0.001*
Q2(9.55-11.78) vs. Q4(> 14.24) 0.61 045-0.82 0.001*
(g/day)
Q3(11.78-14.24) vs. Q4(> 14.24) 067 0.50-0.91 0.009*
(g/day)
INTERSAL method
Q1(<7.54) vs.Q4(>1043) (g/day) 055 041-0.74 0.001*
Q2(7.54-8.91) vs. Q4(>10.43) 0.62 046-0.84 0.002*
(g/day)
Q3(8.91-10.43) vs. Q4(>10.43) 0.71 0.52-0.95 0.022*
(g/day)
Tanaka method
Q1(<7.80) vs. Q4(>10.78) (g/day) 059 044-0.80 0.001*
Q2(7.80-9.27) (vs. Q4(>10.78) 0.60 044-0.81 0.001*
(g/day)
Q3(9.27 -10.78) vs. Q4(>10.78) 0.89 0.66-1.20 0454
(g/day)
" p<0.05

patients (88.48%) expressed agreement with the ongo-
ing promotion of low-salt diets. With the exception
of the misperception that low-sodium intake leads to
decreased strength, which was approved by 33.50%
of respondents, SRS users demonstrated significantly
better performance in addressing this attitude question
(p<0.001). In terms of dietary behaviors, a significant
majority of patients (78.35%) expressed an intention to
decrease their salt intake, while a majority of partici-
pants (67.90%) reported regular consumption of salty
condiments (more than 3-5 days per week). Consist-
ently, SRS users exhibited significantly higher scores in
knowledge, attitude, and behavior assessments com-
pared to non-users (Table 4).

Discussion

China is currently facing an escalating burden of hyper-
tension, necessitating the implementation of lifestyle
modifications and antihypertensive medications as the
fundamental components of an effective hypertension
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management approach [20, 21]. Reducing salt consump-
tion in the diet is of great significance among the different
lifestyle measures targeting the reduction of noncom-
municable diseases in society [4]. To achieve favorable
outcomes, diverse state and community salt reduction
strategies have been devised, such as the implementa-
tion of The National Essential Public Health Services
Package, which was introduced by the Chinese govern-
ment in 2009 [22]. This package offers a range of services,
including health records management, screening, and
follow-up, thereby contributing to the overall objective
of salt reduction. In China, the primary origin of sodium
consumption is salt utilized in household cooking, while
in western nations, processed food plays a major role
in contributing to dietary salt [23]. Consequently, there
is a need for a public campaign aimed at reducing salt
usage in cooking. Additionally, it is crucial to develop a
suitable assessment methodology for measuring sodium
intake and to provide a reference for the formulation of
precise policies for the prevention of hypertension. This
approach is essential for effectively controlling BP in indi-
viduals with hypertension.

Multiple studies have demonstrated that the spot urine
method is a suitable approach for estimating 24-h uri-
nary sodium excretion, enabling the investigation of the
correlation between salt intake and hypertension and
other diseases within the general population. Groenland
E.H. et al. [24] employed Kawasaki formulae to assess
the relationship between estimated salt intake and BP.
The findings revealed that, for each 1 g/day augmenta-
tion in sodium urinary excretion, the average SBP and
DBP increased by 1.28 mmHg (95% CI: 0.95-1.62) and
0.46 mmHg (95% CI: 0.28-0.65), respectively. In a study
conducted by Goto A et al. [25], the risk of developing
stomach cancer was assessed by comparing it to the
estimated salt consumption obtained from spot urine
using the Tanaka technique. Similarly, X F Du et al
[26] employed three spot urine methods to estimate
24-h urine sodium excretion among residents in Zhe-
jiang Province and compared it to actual values (167.10
(74.70) mmol/day). The Kawasaki method yielded an
overestimation of 184.61 (57.10) mmol/day, whereas the
INTERSALT and Tanaka methods resulted in underesti-
mations of 134.62 (39.21) and 143.20 (35.66) mmol/day,
respectively.

According to our research, the sodium excretion values
estimated using the Kawasaki, INTERSALT, and Tanaka
formula for a 24-h period were 208.70 (65.65), 154.78
(33.91), and 162.61 (40.87) mmol/day, respectively.
These values exceed the average sodium intake of Zhe-
jiang Province residents [26]. Despite slight variations
between the estimated sodium salt intake and the pre-
cise individual value, our study indicates that individuals
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Fig. 2 Associations between estimation of sodium (A) by Kawasaki method, (B) by INTERSAL method, (C) by Tanaka method, and hypertension

status in patients with poorly controlled hypertension

with uncontrolled hypertension are part of the popula-
tion with elevated sodium consumption. The habitual salt
intake in China is approximately 12 g per day [7], and our
study found that the average difference between higher
(Kawasaki method is 12.21 g per day) and lower (9.05 g
per day) salt intake was 3 g per day. Considering previ-
ous research, the Kawasaki method may overestimate

the actual value of 24-h urinary sodium excretion, while
the INTERSALT and Tanaka methods tend to underes-
timate it [26]. Despite these inherent inaccuracies, we
believe that the findings of our study are applicable to
real-life conditions. By reducing salt consumption by
7 g (equivalent to approximately one more large-sized
SRS), individuals would approach the World Health
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Organization’s recommended level of 5 g per day for
the population [8]. Significantly, the estimations of salt
consumption were notably elevated among individuals
classified as obese, in comparison to those who were cat-
egorized as normal-weight or overweight. Likewise, upon
stratifying the responses based on hypertension status, it
was observed that participants diagnosed with Grade 2

hypertension exhibited the highest sodium intake. Previ-
ous studies have also documented the augmented sodium
consumption observed in individuals with a higher body
mass index, as well as inadequate BP regulation among
hypertensive outpatients [19, 27].The potential mechanis-
tic pathways through which insulin resistance and over-
weight may contribute to the development of isolated
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Table 4 Characteristics of knowledge, attitude, and behavior about salt intake by salt-restriction spoon status

Characteristic

Using or Used Salt-Restriction Spoons

All (n=1215) Yes(n=459) NO (n=756) p Value

Knowledge
Know the recommended adult sodium consumption, n (%)

High sodium consumption can cause or exacerbate obesity, hypertension, and cardiovascu-

lar disease, n (%)
Attitude
Consider that low-sodium diets cause weakness, n (%)
A diet limited in sodium should be promoted, n (%)
Behavior

Consume condiments high in sodium frequently (monosodium glutamate, soy sauce), n (%)

Make a concerted effort to cut down on salt use in the kitchen, n (%)

459 (37.78) 196 (42.70) 263 (34.79) 0.006*
962 (79.18) 396 (86.27) 566 (74.87) 0.000*
407 (33.50) 112 (24.40) 295 (39.02) 0.000*
1075 (88.48) 403 (87.80) 672 (88.89) 0.564

825 (67.90) 261 (56.86) 564 (74.60) 0.000*
952 (78.35) 378 (82.35) 574 (75.93) 0.008*

The chi-square test was used to compare the characteristics of different SRS status. Percentages are column percent

" p<0.05

systolic hypertension involve an increase in salt sensitiv-
ity, leading to endothelial dysfunction, arterial rigidity,
and elevated BP [28]. Furthermore, these pathways may
be influenced by suboptimal dietary habits, including a
preference for high-fat foods and the use of sodium as a
flavor enhancer. Prior studies have shown that the addi-
tion of salty condiments to meals can enhance their taste,
but this practice may carry the risk of excessive caloric
intake and subsequent weight gain [29].

In order to mitigate salt intake across the entire popu-
lation of China, the implementation of a multi-faceted
initiative, including the adoption of SRS, has been widely
employed [30]. In the present study, the prevalence of
SRS utilization was determined to be 30.21%, surpass-
ing the 12.0% reported in a previous survey conducted
in 2017 among 7512 individuals residing in China’s Zhe-
jiang Province (of whom 35.3% were identified as hyper-
tensive) [16]. Furthermore, the findings indicate that the
use of SRS and hypertension status were positively asso-
ciated with reduced sodium intake, rather than a lower
sodium-to-potassium ratio. This disparity could poten-
tially be ascribed to the fact that the participants con-
sisted of individuals with poorly controlled hypertension,
who were more inclined to receive SRS from the China
Center for Disease Control and Prevention (CDC). This
initiative was implemented by the national, provincial,
municipal, and county levels of the CDC, advocating the
utilization of a SRS during cooking as a precautionary
measure [9, 31]. Additionally, the presence of hyperten-
sion is a significant determinant in the alteration of BP
induced by sodium restriction. A comprehensive analysis
of multiple studies revealed that hypertensive individu-
als experienced a substantially greater increase in SBP
compared to a mixed group of hypertensive and nor-
motensive participants within the same study on dietary

salt reduction [30]. These findings strongly indicate that,
when implementing dietary sodium restriction interven-
tions, priority should be given to hypertensive adults.

The restricted cubic spline plots provided visual evi-
dence of a consistent upward trend correlation between
sodium and BP. A meta-analysis also confirmed this rela-
tionship, highlighting that the effect of sodium reduction
on BP levels was more significant among individuals with
higher baseline BP [3]. Our study, using various methods
of urinary sodium measurement, observed similar pat-
terns in the relationship between sodium intake and BP
within the same population. However, the magnitude of
this association varied depending on the specific method
of urinary sodium measurement when employing the
same statistical model. Previous studies have suggested
that using spot urine samples to estimate sodium (Na)
intake can only provide a rough average approximation of
Na intake [32]. Relying on these methods to establish the
connections between Na intake and BP is likely to result
in biased estimations. However, despite this limitation,
we proceeded with the utilization of this model as our
aim was to compare the nature and extent of the relation-
ship between sodium intake and BP, rather than solely
obtaining accurate estimates. In the context of high salt
intake of the Chinese population, our results support the
prevention of rising BP by reducing salt intake in patients
with poorly controlled hypertension.

Additional findings of the study indicate a higher preva-
lence of correct knowledge, attitude, and behavior among
SRS users, suggesting that possessing positive and accu-
rate beliefs and attitudes serves as a fundamental basis for
modifying health-related behaviors. Notably, a considera-
ble proportion (79.18%) of the participants demonstrated
awareness regarding the detrimental consequences of
excessive salt consumption. However, this knowledge did
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not seem to translate into effective practices for reducing
salt intake, as evidenced by the frequent consumption of
salty condiments by a significant portion (67.90%) of the
respondents (more than 3-5 days per week). Merely rely-
ing on educational initiatives and increasing awareness
is unlikely to be adequate in addressing this matter. It is
preferable to actively translate this awareness into tangi-
ble actions, such as reducing the amount of salt used dur-
ing cooking through the utilization of SRS or opting for
salt alternatives.

The study revealed a significantly high percentage
of patients (73.33%) with uncontrolled BP, similar to
the findings of a survey conducted on 2198 patients
in sub-Saharan countries (77.4%) [21]. Additionally, it
was observed that individuals using multiple antihy-
pertensive drugs had a significantly higher prevalence
of uncontrolled hypertension (p<0.001). Previous
studies have indicated that the occurrence of medica-
tion errors, drug interactions, and the utilization of
high-risk pharmaceuticals tend to increase with the
number of medications being administered [33]. The
combination of improper drug utilization and exces-
sive salt intake has the potential to hinder hypertensive
individuals in effectively managing their BP, presenting
a significant opportunity for intervention in China. Our
research findings demonstrate that the implementa-
tion of SRS during the cooking process is linked to a
decrease in the progression of hypertension, thereby
endorsing the SRS-based approach for individu-
als whose primary source of sodium consumption is
domestic culinary practices.

There are limitations to the study. Firstly, it is impor-
tant to acknowledge that this study possesses a cross-
sectional design, thereby imposing inherent limitations
on the capacity to establish causality. Consequently, we
are unable to ascertain the causal relationship between
sodium intake and BP, nor comprehend the underlying
mechanism through which sodium intake may impact
blood pressure. Secondly, the considerable variability in
daily salt consumption among individuals introduces the
potential for measurement error when converting spot
urine sodium measurements to estimated 24-h urinary
excretion. To avoid possible bias and enhance the accu-
racy of estimating sodium excretion, it is recommended
to randomly collect spot or 24-h urine samples and
repeatedly. The scope of our study was restricted to indi-
viduals with poorly controlled hypertension residing in
Eastern China. However, it is important to acknowledge
that the findings of this study may not be generalizable
to populations from different regions within the coun-
try or elsewhere, as well as individuals without hyper-
tension. However, it is important to acknowledge that
in this particular population, the estimated 24-h urinary
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excretion may not adequately reflect actual salt intake
due to the significant participant burden associated with
complete collection. It is advisable for each population
to develop and validate their own formula to accurately
assess sodium intake from spot urine samples. Thirdly,
the findings from a survey utilizing questionnaires to
assess smoking habits and physical activity failed to
demonstrate any statistically significant correlation with
BP status. It was observed that knowledge, attitude, and
behavior were somewhat linked to the utilization of SRS,
although this association may be influenced by societal
expectations.

This study possesses several notable strengths, primar-
ily its extensive sample size consisting of community-
based patients stratified based on their hypertension
status. Previous research has demonstrated the efficacy
of salt reduction in cooking for lowering BP, yet only a
limited number of studies have taken into considera-
tion the participants’ hypertension status or their use
of antihypertensive medication when summarizing the
outcomes. Furthermore, our study was bolstered by the
support of an organized multidisciplinary collaborative
network, which facilitated the involvement of Chinese
cardiologists and ultimately benefited patients with inad-
equately controlled hypertension.

Conclusions

Hypertension remains poorly controlled in China, with
its status being linked to excessive sodium consump-
tion. The implementation of SRS strategies could poten-
tially lead to a reduction in daily salt intake for blood
pressure control among hypertensive patients. SRS
users were observed to possess a moderate comprehen-
sion of the risks associated with excessive salt consump-
tion, although their attitudes and behaviors towards
salt reduction were inconsistent. To effectively decrease
the prevalence of hypertension, a comprehensive cam-
paign should encompass the promotion of knowledge,
attitudes, and behaviors aimed at reducing dietary salt
intake, in conjunction with the utilization of sodium
reduction strategies.
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