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Development and validation of a scale
to measure hypertensive Chinese individual’s
behavior toward salt reduction consumption
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Abstract

Objective This study aimed to develop and validate the Salt Reduction Behavior Scale (SRBS) to measure the
behavior of hypertensive Chinese individuals in adhering to salt reduction practices.

Methods The SRBS was constructed based on the Health Belief Model, consisting of five constructs: knowledge,
perceived severity, perceived benefits, perceived barriers, and cues to action. Data were collected from 2,082
hypertensive patients in Beijing, China, who completed a questionnaire administered through an online platform.
Kaiser-Meyer-Olkin (KMO) test was used to assess the adequacy of the sample and the Bartlett’s test of sphericity to
examine the factorability of the dataset. Confirmatory Factor Analysis (CFA) was used to assess the structural validity
and reliability of the SRBS.

Results The KMO analysis yielded a notably elevated value of 0.95, indicating that the data was highly suitable for
Exploratory Factor Analysis (EFA). Bartlett's test of sphericity yielded a statistically significant test statistic (P<0.001).
The 32-item SRB questionnaire demonstrated strong internal consistency with a Cronbach’s alpha coefficient of 0.923.
A second-order Confirmatory Factor Analysis (CFA) revealed that, after removing the unrelated construct of barriers,
SRB could be represented by four sub-constructs: knowledge, severity, benefits, and action. The final version of the
SRBS consists of 21 items. These items displayed high factor loadings, indicating a strong relationship between the
items and their respective sub-constructs. The discriminant validity analysis revealed that the SRBS sub-constructs
were distinct from each other. The SRBS scores were positively correlated with self-reported salt reduction practices.
This demonstrates that individuals with higher SRBS scores were more likely to engage in actual salt reduction
behaviors, indicating concurrent validity.

Conclusion The results illustrate that the Salt Reduction Behavior Scale is a robust and comprehensive instrument
for assessing salt reduction behavior among hypertensive Chinese individuals. The scale’s specific sub-constructs
provide a detailed understanding of their knowledge, attitudes, and practices related to salt consumption. Healthcare
professionals and policymakers can utilize this tool to tailor interventions and educational programs to encourage
healthier dietary habits, thereby reducing the risk of cardiovascular diseases in China.
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Introduction

The global prevalence and ominous nature of non-
communicable diseases (NCDs) represent a formidable
challenge within the realm of public health. These ill-
ness stand as foremost contributors to worldwide mor-
tality rates and inflict a substantial socioeconomic toll,
effectively entrapping individuals in the cycle of poverty
[1]. Elevated salt consumption is intricately linked with
the elevation of blood pressure, a pivotal risk factor in
the development of cardiovascular diseases, notably
encompassing heart disease and strokes [2, 3]. Numer-
ous interventional and observational studies have dili-
gently explored the intricate relationship between dietary
sodium intake and blood pressure levels over recent
decades. Consequently, an accumulating body of empiri-
cal evidence substantiates a direct correlation between
sodium intake and the augmentation of blood pressure
[4].In accordance with the 2012 guidelines set forth by
the World Health Organization (WHO), it is recom-
mended that adults aged 16 years and above limit their
daily sodium intake to less than 2000 mg, which is equiv-
alent to consuming less than 5 g of salt per day [5]. Mod-
est yet sustained reductions in dietary salt intake hold the
potential for substantial public health dividends. Even a
relatively modest reduction in blood pressure resulting
from diminished sodium intake across the entire popula-
tion, including normotensive individuals, may culminate
in a noteworthy reduction in the incidence of cardio-
vascular diseases [6]. Numerous nations have embarked
upon comprehensive salt-reduction strategies, encom-
passing multifaceted approaches such as public health
education, reformulation of processed food items, and
the implementation of front-of-pack nutritional labeling
initiatives [6, 7].

Population-wide reduction of salt intake stands out as a
highly cost-effective intervention for the prevention and
management of elevated blood pressure, thereby miti-
gating the risks of associated health conditions, notably
cardiovascular disease [8].In China, the prevailing lev-
els of salt consumption are a cause for concern, averag-
ing between 12 and 14 g per person daily, surpassing the
World Health Organization’s recommended daily maxi-
mum intake of 5 g [9]. The burden of high blood pressure
is significant, affecting over 244 million Chinese adults,
alongside another 435 million grappling with pre-hyper-
tension. Alarmingly, elevated blood pressure contributes
to an excess of 2 million cardiovascular disease-related
deaths within China [10].

Reformulation strategies are expected to yield height-
ened effectiveness, particularly in nations where a

substantial portion of dietary salt is derived from pro-
cessed and fast foods. Notably, research has demon-
strated that the primary source of dietary salt in the
Chinese population is salt added during home-cooking,
a contrast to the situation in Western countries where
processed and fast foods are the major sodium contribu-
tors [11]. Consequently, concerted salt reduction efforts
in China should prioritize self-awareness education to
motivate individuals to curtail salt usage in their culinary
practices [12]. However, altering behavior in this context
poses a formidable challenge; short-term dietary inter-
ventions aimed at salt reduction have historically failed
to yield sustained, long-term results. Additionally, adher-
ence to a salt-restricted diet has proven crucial, as poor
compliance was significantly associated with uncon-
trolled blood pressure increases.

Health education is widely recognized as an effective
intervention strategy for reducing salt intake. However,
there exists an evident gap in understanding the under-
lying reasons for the reluctance among individuals in
China to adopt salt-restriction diets [13]. A comprehen-
sive exploration of the psychosocial determinants of this
behavior is imperative. Such insights can significantly
contribute to informing health education profession-
als in the development of nuanced policies and strategic
interventions that facilitate adherence to salt restriction
behaviors. In this research endeavor, our primary objec-
tive was the formulation and validation of a Salt-Restric-
tion Behavior Scale (SRBS), tailored for the assessment
of salt-restriction dietary practices among hyperten-
sive patients in China. The development of scales of this
nature serves the purpose of quantifying latent con-
structs related to behaviors and attitudes that inherently
elude direct measurement. The conceptual framework
for the SRBS draws inspiration from the Health Belief
Model (HBM), a well-established theoretical construct
within the domain of health behavior analysis [14].

The Health Belief Model (HBM) offers a comprehen-
sive theoretical lens through which to examine individ-
ual perceptions concerning the gravity of health threats,
encompassing dimensions of susceptibility and sever-
ity. Additionally, it considers the perceived advantages
of engaging in preventive actions, alongside the various
determinants influencing the decision-making process,
including perceived barriers, cues to action, and self-
efficacy. Originating in the 1950s, this model was devel-
oped by a group of social psychologists within the U.S.
Public Health Service, with the primary objective of elu-
cidating the rationale behind the limited participation of
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individuals in programs geared towards disease preven-
tion and detection [14].

Hypertension, often referred to as the “silent killer”
due to its typically asymptomatic presentation, poses a
substantial health challenge. According to the tenets of
the HBM, individuals devoid of symptoms may be dis-
inclined to adhere to prescribed treatment regimens
unless they recognize their susceptibility to hypertension.
Moreover, an appreciation of the condition’s severity,
including its potential to precipitate adverse cardiovas-
cular events such as heart attacks and strokes, is deemed
crucial. Understanding the perceived benefits of compli-
ance with prescribed medications and health programs,
particularly when devoid of negative side effects and
excessive complexities, plays an instrumental role in fos-
tering adherence, as outlined by the HBM.

The application of the Health Belief Model proves
highly pertinent in contexts characterized by noncom-
pliance with recommended health behaviors. In this
research initiative, HBM has provided the theoretical
underpinning for the development of the Salt-Restric-
tion Behavior Scale. Our aim has been to elucidate the
psychosocial determinants influencing salt-restriction
behaviors among hypertensive individuals in China. This
endeavor holds substantial promise in informing the
design and implementation of pragmatic and efficacious
dietary intervention programs tailored to the needs of
hypertensive patients. Furthermore, the SRBS serves as a
valuable tool for the assessment of the effectiveness.

Materials and methods

Target population

The study focused on hypertensive patients selected from
ten community healthcare service centers located within
an urban district in Beijing. In accordance with rigorous
inclusion criteria, eligible participants were required to
meet the following conditions:

(a) Attainment of an age threshold surpassing 18 years.
(b) Possession of Chinese citizenship. (c) A formal diag-
nosis of hypertension as determined by a tertiary-level
hospital. (d) Proficiency in verbal, written, and reading
comprehension of the Chinese language.

The research implemented well-defined exclusion criteria
to enhance the precision of participant selection:

(a) Individuals demonstrating cognitive impairment were
excluded from the study. (b) Participants experiencing
communication difficulties stemming from functional
impairments, such as blindness or deafness, were like-
wise ineligible for inclusion.
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Ethics statement

Prior to the commencement of the survey, explicit writ-
ten informed consent was diligently secured from each
participant, in strict adherence to the ethical principles
set forth in the Helsinki Declaration. It is imperative to
note that the questionnaire employed in this study was
designed to ensure participant anonymity, refraining
from the collection of directly identifying information,
such as names, social insurance numbers, or personal
health numbers. Furthermore, this study has undergone
a thorough ethical review and has been granted approval
by the Ethics Board of Beijing Tongren Hospital, affirm-
ing its compliance with ethical standards and guidelines.

Sample size

This cross-sectional survey encompassed 21 commu-
nity medical care service centers within an urban locale
in Beijing. The sample size determination employed the
formula:

272 —
- tirllom)
where:

1t represents the proportion of hypertensive individuals
in this district, estimated at 20% of the urban hyperten-
sive population in Beijing (i.e., 20%),

0§ denotes the margin of error (i.e., 0.05),

and u_0.05 corresponds to the critical value at the 0.05
significance level (i.e., 1.96).

The initial sample size was computed as n=246. How-
ever, considering an anticipated non-response rate of
20%, the final sample size was adjusted to n=308.

In the context of constructing a path model, adherence
to Klein’s recommendation of a minimum of 10 cases for
each parameter estimated was observed. Given the total
number of items encompassed in the self-designed ques-
tionnaire, a sample size of 340 was deemed adequate for
each model under examination.

Salt-restriction behavior scale questionnaire (SRBS)
The survey instrument, denoted as the Salt-Restriction
Behavior Scale (SRBS), was methodically constructed
with a theoretical underpinning grounded in the Health
Belief Model (HBM). The SRBS functioned as a com-
prehensive tool to assess participants’ adherence to salt-
restriction behaviors. Informed by previous scholarship
on the intricate dynamics linking knowledge, attitudes,
and dietary practices concerning salt consumption, the
questionnaire was meticulously tailored to align with
the sociocultural context of the Chinese population in
Beijing.

The questionnaire was thoughtfully structured to
encapsulate five distinct domains, namely:
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Knowledge Pertaining to Hypertension and Salt
Reduction

Perceived Severity of Hypertension

Perceived Benefits Derived from Salt Reduction

Perceived Barriers to Adhering to a Salt-Restriction
Diet

Cues to Action: Factors likely to prompt individuals to
engage in salt-reduction practices.

During the data collection phase, spanning from Febru-
ary to March 2022, the questionnaire was administered
through an online platform. Respondents were prompted
to assess the questionnaire items using a Likert scale,
incorporating both 2-point and 5-point scales to com-
prehensively capture the nuanced aspects of participants’
responses.

The survey instrument

The initial questionnaire featured a comprehensive set
of 32 items thoughtfully distributed across five distinct
constructs:

Construct 1: Knowledge Pertaining to Hypertension and
Salt Intake (Incorporating 8 Items) This construct was
designed to evaluate participants’ grasp of the correlation
between hypertension and salt consumption.

Construct 2: Perceived Severity of Hypertension (Com-
prising 6 Items) Within this construct, participants’ per-
ceptions regarding the gravity and potential ramifications
of hypertension were assessed.

Construct 3: Perceived Benefits of Adhering to a Salt-
Reduction Diet (Comprising 4 Items) This construct
sought to elucidate participants’ perspectives on the
advantages and favorable outcomes associated with the
adoption of a salt-restricted dietary regimen.

Construct 4: Perceived Barriers to Practicing a Salt-
Restriction Diet (Incorporating 5 Items) Questions
within this construct were structured to elicit responses
regarding the impediments and challenges individuals
may encounter when endeavoring to adhere to a salt-
restricted diet.

Construct 5: Cues to Action (Comprising 9 Items) This
construct encompassed inquiries aimed at identifying
factors and stimuli that could potentially motivate or
prompt individuals to engage in behaviors aligned with
salt-reduction practices.

Hypotheses

Null Model: The null model, by definition, assumes that
all correlations and covariances between variables are
constrained to be zero.

Model 1: In this model, it is hypothesized that the five
constructs comprising the study form five independent
and uncorrelated first-order factors, with no interrela-
tions among them.
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Model 2: The second model posits that the five first-order
factors exhibit significant correlations with each other,
implying that there exist interdependencies and associa-
tions among these constructs.

Model 3: This model proposes that the first-order factors
are linked to a singular second-order factor, denoted as
“SRB” This hypothesis suggests a hierarchical structural
framework wherein the collective contributions of the
first-order factors converge to influence the emergence
and composition of this higher-level construct, SRB.

Statistical analysis

Descriptive statistics summarizing the characteristics of
the survey participants were methodically compiled and
presented in tabular format, offering a comprehensive
overview of the demographic and socio-economic attri-
butes of the study’s respondents.

The validation of the model was conducted within
the framework of Structural Equation Modeling (SEM),
employing the Confirmatory Factor Analysis (CFA)
method. This involved a comparison between two dis-
tinct models:

A first-order CFA model, often termed the measure-
ment model scrutinized the relationships between
observed variables and their corresponding latent
constructs.

A second-order CFA model, referred to as the struc-
tural model, was used to explore the higher-level struc-
tural relationships among latent factors.

All statistical analyses were carried out using SPSS ver-
sion 23.0 and Amos 23.0, ensuring a rigorous and meth-
odologically sound assessment of the proposed models.

Results

Participant

We employed a convenience sampling approach to selec-
tively recruit hypertensive patients from 21 primary
healthcare facilities situated in an urban district of Bei-
jing. A total of 2,450 hypertensive patients were initially
enrolled for this study. However, within this pool, 278
individuals declined to participate, and an additional
90 did not complete the questionnaire. Consequently, a
total of 2,082 participants satisfactorily completed the
questionnaire.

Table 1 presents a comprehensive overview of the
socio-demographic characteristics of the study partici-
pants. Of the enrolled individuals, 749 were male, con-
stituting 36% of the overall surveyed population, while
1,333 were female, accounting for 64% of the surveyed
population. The average age of all participants was calcu-
lated at 54.48+14.78 years. The majority of participants
were in a retired status and cohabiting with their part-
ners, representing 54.2% and 54% of the total surveyed
population, respectively.
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Table 1 The characteristics of the participants Table 3 Internal consistency
Characteristics n% Constructs Cronbach’s alpha Items
Gender Male 36(749) Knowledge 0.829 8
Female 64(1333) Perceived of severity 0.941 6
Occupation Retirement 52.4(1092) Perceived of barriers 0.89 4
service industry 24.9(519) Perceived of benefits 0.966 5
medicine and health industry  14.3(298) Cue to action 0.963 9
manufactory industry 4(84) SRB 0.924 32
Others 4.3(89)
Age 1825 1:9(40) Internal consistency
26-40 20.7(432) . )
41 st 25.3(526) The 32-1tem‘ SRB demonstratefi a notable Cronb‘ac‘hs
alpha coefficient of 0.923, and it is worth emphasizing
56-60 12.7(265) , . .
6175 3460721) that the Cronbach’s alpha Coeﬂic1f:nts for all constituent
76 47098) cons'tructs exceeded the conYentlonal threshold of 0.7
Family revenue per month <3000 9.3(194) see in Table 3, thereby affirming the presence of strong
3001-6000 40.4(842) internal consistency, indicative of a high level of reliabil-
6001-9000 23.9(498) ity within the constructs under examination [16, 17].
9001-12,000 14.6(304)
12,001-15,000 5.9(123) First-order confirmatory factor analysis
15,001 58(121) Confirmatory factor analysis (CFA) was employed to
Co-resident Spouse 54(1124) assess the degree to which the measured variables effec-
Parents 1736361) tively represented underlying constructs. As delineated
Alone 103(215) in Table 4, the results revealed that all fit indices fell
Children 16.6(346) within the acceptable range. Subsequently, following the
Others 170350 exclusion of items with factor loadings below the thresh-
Hypertensive family history  Yes 30.5(636) old of 0.5, the ultimate model comprised five constructs
No 69.5(1446) encompassing 24 items. These constructs were subjected
Chronic disease Yes 702(33.7) to a first-order confirmatory factor analysis, as presented
No 1380(66.3) in Table 4. The first construct, denoted as “Knowledge,’

Table 2 Kaiser-Meyer-Olkin (KMO) sample adequacy test
KMO and Barlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.951
Barlett's Test of Sphericity Approx.Chi-Square 60727.885
Df 496
Sig. 0.000

Moreover, it is noteworthy that participants falling
within the annual family income bracket of 3,001 to 6,000
yuan constituted 40.4% of the cohort.

Exploring factor analysis

In the course of our investigation into factor analysis, we
administered both the Kaiser-Meyer-Olkin (KMO) test
to assess the adequacy of the sample and the Bartlett’s
test of sphericity to examine the factorability of the data-
set. As presented in Table 2, the KMO analysis yielded
a notably elevated value of 0.95, indicative of the data’s
favorable suitability for Exploratory Factor Analysis
(EFA) [15]. Additionally, the Bartlett’s test of sphericity
yielded a statistically significant test statistic (?<0.001),
providing further support for the appropriateness of the
dataset for EFA. It is noteworthy that this analysis was
conducted utilizing SPSS software version 23.0.

comprised five items, all of which exhibited factor load-
ings surpassing the recommended threshold of 0.5, as
advocated by Awang [18]. Moreover, the t-values and
associated p-values demonstrated statistical significance.
In terms of internal consistency, all composite reliabil-
ity (CR) values exceeded the criterion of 0.7, affirming a
robust level of reliability, except for the “knowledge” con-
struct. However, the average variance extracted (AVE) for
the Knowledge’ construct was below 0.5. Despite this,
the CR value for ‘Knowledge’ was 0.763, indicating a suffi-
cient level of reliability. Additionally, all other constructs
had AVE values that exceeded 0.5, indicating acceptable
convergent reliability. Furthermore, the square multiple
correlation (SMC) values reported in Table 4 surpassed
the acceptable threshold of 0.30 [19].

Discriminant validity was evaluated according to
the methodology outlined by Fornell and Larcker [20],
involving a comparison of the square root of the aver-
age variance extracted (AVE) along the diagonal with
the correlation coefficients (off-diagonal) representing
each construct in their respective rows and columns. The
findings presented in Table 5 substantiate the established
discriminant validity between the constructs within the
measurement model.
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Table 4 Results of CFA of 24-item SRBS (salt- restriction behavior scale) (Appendix A)

Constructs Items Convergent validity
Unstd. S.E. t-value P Std. (factor loading) SMC(R?) CR AVE
Knowledge RA1 1.000 0573 0328 0.763 0.392
RA3 1.892 0.099 19.189 o 0.590 0.348
RA4 1.259 0.062 20.248 *xx 0.646 0417
RA6 1.737 0.083 20.879 o 0.687 0472
RA7 1.381 0.069 19.965 o 0.630 0.397
Severity RB1 1.000 *xx 0.748 0.560 0.942 0.767
RB3 1.092 0.025 43.677 o 0.899 0.808
RB4 1.077 0.025 42.558 *rx 0879 0.773
RB5 1.155 0.026 44.836 o 0.920 0.846
RB6 1.089 0.024 44.874 o 0.920 0.846
Barriers RC1 1.000 *xx 0817 0.667 0.872 0.695
RC2 1.082 0.026 41513 Hrx 0.904 0.817
RC3 0.970 0.025 38.169 o 0.775 0.601
Benefit RD2 1.000 *xx 0.940 0.884 0.961 0.860
RD3 1.006 0.011 90.563 o 0.954 0910
RD5 0972 0.012 80.785 *xx 0926 0.857
RD1 1.005 0.014 70472 o 0.889 0.790
Action RE1 1.000 o 0.748 0.560 0.953 0.745
RE4 1.035 0.027 38210 xxx 0.796 0.634
RES 1.170 0.028 42.185 o 0.866 0.750
RE6 1173 0.028 42.170 *ex 0.866 0.750
RE7 1.180 0.026 45936 xrx 0931 0.867
RE8 1.156 0.027 43.403 o 0.887 0.787
RE9 1.160 0.025 45.906 *xx 0.930 0.865
Table 5 Discriminant validity
AVE Action Benefits Barriers Severity Knowledge
Action 0.745 0.863
Benefits 0.860 0.805 927
Barriers 0.695 0.030 0.001 0.834
Severity 0.767 0.565 0616 —0.086 0.876
Knowledge 0.392 0.207 0.131 0.136 0.154 0.626
Table 6 Unstandardized parameter estimates
Sub-constructs Path Construct Unstd. S.E. C.R. P
Knowledge < SRB 1.000
Severity <--- SRB 11813 1.731 6.825 <0.001
Benefit < SRB 14.038 2.057 6.826 <0.001
Barriers <--- SRB 0.100 0476 0.210 0.833
Action <--- SRB 13.067 1.881 6.948 <0.001

Confirmatory factor analysis

A second-order confirmatory factor analysis (CFA) was
evaluated using AMOS 23.0 version, see in Table 6, the
construct of barriers was insignificant (P=0.833) which
indicates the construct of barriers was not related to SRB.
The second-order CFA was conducted to test whether the
five constructs belonged to a single broader latent factor
of hypertensive patient’s salt-reduction behavior (SRB),
after deleting the unrelated construct the second- order
CFA results are presented in Fig. 1, the results showed
that SRB loads well on its four sub-constructs, the factor

loading of SRB on knowledge and severity and benefits
and action are 0.186,0.66,0.928 and 0.868 respectively.
The R? for all the sub-constructs are 0.03,0.44,0.86, and
0.75, which reflect the contribution of SRB on its four
sub-constructs. The final version of the SRB consists of
four constructs knowledge, severity, benefits and action.

Model fit

In this study, relative or incremental fit indexes reflect-
ing the improvement in fit of one model over an alter-
native (i.e., ratio of chi-square to degrees of freedom,
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Fig. 1 Structural Equation Model (SEM) for Salt-Reduction Behavior (SRB)

normed fit index (NFI), and target coefficient) are used
to compare models. Absolute indexes of goodness-of-fit
such as chi-square, goodness-of-fit index (GFI), adjusted
goodness-of-fit (AGFI), and root mean square error of
approximation (RMSEA), and comparative fit index (CFI)
are used to evaluate individual models. For sample size
with 75-200 cases, chi-square is a reasonable measure
of fit. But for models with more cases, the chi-square
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is almost always statistically significant. Thus, the chi-
square statistic must be interpreted with caution in most
applications. Many researches interpret GFI and AGFI
scores in the 0.80 to 0.89 range as representing reason-
able fit; scores of 0.90 higher are considered evidence of
good fit. For RMSEA, a good model has an RMSEA of
0.50 or less. Models whose RMSEA is.10 or more indi-
cate poor fit. The comparative fit index (CFI) analyzes
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the model fit by examining the discrepancy between the
data and the hypothesized model. CFI values range from
0 to 1, with larger values indicating better fit. It is consid-
ered very good if it is equal to or greater than 0.95, good
between 0.9 and 0.95, suffering between 0.8 and 0.9 and
bad if it is less than 0.8 [21]. The ration of chi-square to
the degrees of freedom provides information on the rela-
tive efficiency of competing models in accounting for
the data. Researcher have recommended using ratios as
low as 2 or as high as 5 to indicate a reasonable fit [22].
The NFI assesses the fit of a model relative to the fit of
a null model by scaling the chi-square value from 0 to 1
with large values indicating better models [23]. The target
coefficient index. The goodness-of fit indexes for the first-
order model and second-order model and null model are
summarized in Table 7. The purpose of the null model
is to establish the zero-point for the NFI. As expected,
the null model provides a poor fit to the data. Model 1
hypothesizes that all the four sub-constructs are uncorre-
lated, all the goodness- of- fit indexes indicate the model
1 is not a good fit with sample data.

Model 2 hypothesizes that the four first-order con-
structs are correlated with each other, Doll and Torkza-
deh clearly lay a foundation for this model [24]. Model
2 shows good model-data fit, as indicated by absolute
indexes (GFI, AGFI, CFI, RMSEA), and provide sub-
stantial improvement over model 1 as evidence by the
changes in the NFI index (from 0.9 to 0.919),and the ratio
of chi-square to degrees of freedom(from 17.23 to 5.58).

Model 3 hypothesizes that the four first-order con-
structs belong to one second-order construct. Accord-
ing to Doll and Torkzadeh, if the first-order factors are
correlated, it is possible that the correlations between
first-order factors is statistically caused by a single sec-
ond-order factor (Tanaka and Huba 1984). Model 3
shows reasonable model-data fit, as indicated by abso-
lute indexes (GFI, AGFI, CFL, RMSEA). As expected for
a second-order model, Model 3’s AGFI CFI and RMSEA
scores are slightly lower than its first-order counterpart
(Model 2). Like model 2, it provides substantial improve-
ment over model 1, as evidenced by the change in the NFI
(from 0.9 to 0.967) and the ratio of chi-square to degrees
of freedom (from 17.23 to 5.826). Thus, the results sug-
gest that both Model 2 and Model 3 are satisfactory and
competing representation of the underlying structure of
the instrument.

Table 7 Goodness- fit — index for alternative models(n=2082)
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The target coefficient was used to test for the existence
of a higher-order salt- restriction- behavior (SRB) con-
struct. Using model 2 as the target model, the target coef-
ficient is the ratio of the chi-square of a Model 2 to the
Model 3. In this case, a target coefficient of .95 provides
reasonable evidence of a second- order SRB construct.
95% of the variation in the four first-order factors in
Model 2 is explained by Model 3’ SRB construct.

Discussion

The salt-restriction-behavior scale (SRBS) has emerged
as a valuable tool for assessing salt-restriction behavior
among Chinese hypertensive patients in Beijing. This
scale’s development and validation process involved care-
ful consideration of its structure and content. With a final
version comprising 21 items organized into four distinct
sub-constructs, the SRBS was rigorously tested for reli-
ability and validity before applying Confirmatory Factor
Analysis (CFA) to further assess its suitability and con-
firm its underlying theoretical framework.

CFA, a powerful statistical technique, was employed
to examine if the SRBS’s structure aligns with theoretical
expectations. As described by Malhotra [25], CFA aims
to validate whether the number of factors and their load-
ings on observed variables correspond to the expected
theoretical model. The results of our CFA strongly sup-
ported Model 2 and Model 3, both of which demon-
strated superior fit to the data when compared to Model
1, which hypothesized five unrelated constructs. This
finding carries significant practical implications for rep-
resenting salt-restriction behavior effectively.

The support for the higher-order model with four sub-
constructs underscores the notion that SRB can be best
explained by these specific components. Notably, our
research indicated that the construct of perceived bar-
riers to practicing salt-restriction was not significantly
related to SRB. Several plausible explanations for this
finding exist, including the possibility that the items
designed for this construct may not effectively capture
the true nature of perceived barriers or that the partici-
pants in our study did not perceive any significant obsta-
cles to practicing salt-restriction.

Analyzing the second-order CFA results, we observed
that the construct of perceived benefit exhibited the high-
est factor loading at 0.93, closely followed by the con-
struct of cue to action at 0.87. In contrast, the construct
of perceived severity of hypertension showed moderate

Model Chi-square Chi-square/df NFI GFI AGFI CFI RMSEA

Null model 43542776 157.764 0 0 0.124 0 0.274(0.272-0.277)
Model 1 (first-order factors uncorrelated) 4341 17.23 0.9 0.859 0.832 0.905 0.088(0.086-0.091)
Model 2 (first-order correlated) 1350 5.58 0.919 0.931 0.931 0974 0.047(0.044-0.049)
Model 3(second-order factor) 1438 5.826 0.967 0.941 0.928 0.972 0.048(0.046-0.051)
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factor loading, while the construct related to knowledge
about hypertension and salt-intake had the lowest fac-
tor loading. This suggests that perceived benefit and cues
to action play crucial roles in influencing salt-restriction
behavior, whereas knowledge about hypertension and
salt-intake is less influential.

The lower importance of knowledge as a factor in SRB
may be attributed to various factors, such as most partic-
ipants already possessing knowledge about hypertension
and salt-intake due to widespread health education initia-
tives in China since 2007 [26]. Additionally, the demo-
graphic composition of our study, which largely consisted
of retired individuals, may have naturally predisposed
them to focus on healthy lifestyle knowledge. Since the
cohort has a substantial number of retired individuals,
the understanding and assessing salt-restriction behavior
among hypertensive Chinese patients would be limited to
such individuals in this study. However, considering that
the typical onset of hypertension occurs predominantly
in older adults, our sample composition is reflective of
the general hypertensive population in China. The retire-
ment age in China is 55 for women and 60 for men, which
aligns with the age group most affected by hypertension.
Thus, our findings remain relevant and applicable to the
broader hypertensive population.

In conclusion, the SRBS, validated through CFA, offers
a valuable framework for understanding and assessing
salt-restriction behavior among hypertensive Chinese
patients. The identification of specific sub-constructs, as
well as the differential impact of knowledge, perceived
benefit, and cues to action, sheds light on the intricacies
of salt-restriction behavior in this population, providing
valuable insights for future research and public health
interventions.

Acknowledgements

The authors would like to thank each other for their hard work and
collaboration in completing this study. No external organizations or
institutions were involved in the assistance or support of this research.

Author contributions

Le Han: Conceptualization, Methodology, Data Collection, Data Analysis,
Writing - Original Draft. Ying Liu: Data Collection, review and editing. Xiao Liu:
Review and Editing. Peng Xian: Review and Editing.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability

The data supporting the findings of this study are available from the
corresponding author upon reasonable request. The data are anonymized and
comply with data protection regulations.

Declarations

Ethics approval and consent to participate

This study did not collect any personally identifiable information from
participants. All investigators signed informed consent forms. According to
the United States Department of Health and Human Services regulations (45

Page 9 of 10

CFR 46), research involving anonymous surveys with no more than minimal
risk does not require ethical review by an Institutional Review Board (IRB).
Therefore, this study did not require approval from an ethics committee.

Consent for publication
All authors have given their consent for the manuscript to be published.

Competing interests
The authors declare no competing interests.

Author details

"Hospital Infection Management & Disease Control and Prevention
Department, Beijing Tongren Hospital, No.T Dongjiaominxiang, Beijing,
China

Received: 24 October 2023 / Accepted: 22 May 2024
Published online: 31 May 2024

References

1. Garofalo C, Borrelli S, Provenzano M, De Stefano T, Vita C, Chiodini P, Minutolo
R, Nicola LD, Conte G. Dietary salt restriction in chronic kidney disease: a
Meta-analysis of Randomized clinical trials. Nutrients. 2018;10:732. https://doi.
0rg/10.3390/nu10060732.

2. Whelton PK, Body Weight. Sodium, Potassium, and blood pressure. J Clin
Hypertens (Greenwich). 2015;17(12). https://doi.org/10.1111/jch.12653.

3. Filippini T, Malavolti M, Whelton PK, Naska A, Orsini N, Vinceti M. Blood
pressure effects of Sodium reduction: dose-response Meta-analysis of
experimental studies. Circulation. 2021;143(16). https://doi.org/10.1161/
CIRCULATIONAHA.120.050371.

4. Huang L, Trieu K, Yoshimura S, Neal B, Woodward M, Campbell NRC, Li Q,
Lackland DT, Leung AA, Anderson CAM, MacGregor GA, He FJ. Effect of dose
and duration of reduction in dietary sodium on blood pressure levels: sys-
tematic review and meta-analysis of randomised trials. BMJ. 2020;368:m315.
https://doi.org/10.1136/bmjm315.

5. World Health Organization. Mapping salt reduction initiatives in the WHO
European Region. (2013). https://www.who.int/europe/publications/i/
item/9789289000178.

6. Aburto J N, Ziolkovska A, Hooper L, Elliott P Cappuccio FP, Meerpohl J.J.
Effect of lower sodium intake on health: systematic review and meta-analy-
ses. BMJ (Clinical Res ed). 2013;346:f1326. https://doi.org/10.1136/bmj.f1326.

7. Delgado-Pando G, Allen P, Kerry JP, O'Sullivan MG, Hamill RM. Interaction of
salt content and processing conditions drives the quality response in streaky
rashers. LWT; 2018. p. 97. https://doi.org/10.1016/j.lwt.2018.07.052.

8. Nghiem N, Blakely T, Cobiac LJ, Cleghorn CL, Wilson N. The health gains and
cost savings of dietary salt reduction interventions, with equity and age dis-
tributional aspects. BMC Public Health. 2016;16:423. https://doi.org/10.1186/
$12889-016-3102-1.

9. Tan M, He FJ, Wang C, MacGregor GA. Twenty-four-hour urinary sodium
and potassium excretion in China: a systematic review and Meta-analysis.

J Am Heart Association. 2019;8(14).e012923. https://doi.org/10.1161/
JAHA.119.012923.

10. Fang K, HeY, Fang Y, Lian Y. Dietary sodium intake and food sources among
Chinese adults: data from the CNNHS 2010-2012. Nutrients. 2020;12(2):453.
https://doi.org/10.3390/nu12020453.

11. Chinal, TW.C.O.T.R.O.C.H. A. D, Hu SS. Report on cardiovascular health
and diseases in China 2021: an updated summary. J Geriatr Cardiol JGC.
2023;20(6):399-430. https://doi.org/10.26599/1671-5411.2023.06.001.

12. Zhang X, Zhang P, Shen D, Li Y, He FJ, Ma J, Yan W, Gao Y, Jin D, Deng Y,

Guo F,Yan S, Song J, MacGregor GA, Wu J. Effect of home cook interven-
tions for salt reduction in China: cluster randomised controlled trial. BMJ.
2023;382:e074258. https://doi.org/10.1136/bmj-2022-074258.

He FJ, WuY, Feng XX, Ma J, Ma Y, Wang H, Zhang J, Yuan J, Lin CP,Nowson C,
MacGregor GA. School based education programme to reduce salt intake in
children and their families (School-EduSalt): cluster randomised controlled
trial. BMJ. 2015;350:n770. https://doi.org/10.1136/bmj.h770.

14.  Hochbaum G, Rosenstock |, Kegels S, Health. Belief Model. 1: 78-80. United
States Public Health Service; 1952. http://www.infosihat.gov.my/infosihat/
artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.
doc. [Google Scholar].


https://doi.org/10.3390/nu10060732
https://doi.org/10.3390/nu10060732
https://doi.org/10.1111/jch.12653
https://doi.org/10.1161/CIRCULATIONAHA.120.050371
https://doi.org/10.1161/CIRCULATIONAHA.120.050371
https://doi.org/10.1136/bmj.m315
https://www.who.int/europe/publications/i/item/9789289000178
https://www.who.int/europe/publications/i/item/9789289000178
https://doi.org/10.1136/bmj.f1326
https://doi.org/10.1016/j.lwt.2018.07.052
https://doi.org/10.1186/s12889-016-3102-1
https://doi.org/10.1186/s12889-016-3102-1
https://doi.org/10.1161/JAHA.119.012923
https://doi.org/10.1161/JAHA.119.012923
https://doi.org/10.3390/nu12020453
https://doi.org/10.26599/1671-5411.2023.06.001
https://doi.org/10.1136/bmj-2022-074258
https://doi.org/10.1136/bmj.h770
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc
http://www.infosihat.gov.my/infosihat/artikelHP/bahanrujukan/HE_DAN_TEORI/DOC/Health%20Belief%20Model.doc

Han et al. BMC Public Health

20.

22.

(2024) 24:1459

Kaiser HF, Rice J. Little Jiffy, Mark Iv. Educ Psychol Meas. 1974;34:111-7.
https://doi.org/10.1177/001316447403400115. (Nunnally and Bernstein
1994).

Kline RB. Book Review: psychometric theory. J Psychoeducational Assess.
1999;17(3):275-80. https://doi.org/10.1177/073428299901700307. 3rd ed.
Nunnally JC, Bernstein IH. Psychometric theory. 3rd ed. New York: McGraw
-Hill; 1994. https://doi.org/10.1177/001316447403400115.

Awang Z. Research methodology and data analysis second edition. UiTM
Press, 2012. https://books.google.co,jp/books?id=yQgAnwEACAAJ.
DURRAH O. Injustice perception and work alienation: Exploring the mediat-
ing role of employee’s cynicism in healthcare sector. The Journal of Asian
Finance, Economics and Business 7.9 (2020). http://data.doi.orkr/qr/https://
doi.org/10.13106/jafeb.2020.vol7.n09.811.

Fornell C. and David F. Larcker. Evaluating structural equation models with
unobservable variables and measurement error. Journal of marketing
research 18.1 (1981). https://doi.org/10.1177/002224378101800104.
Portela DM. Pina - Contributo das técnicas de andlise fatorial para o estudo
do programa ocupacao cientifica de jovens nas férias [Em linha]. Lisboa: [s.n.],
2012.VII, 77 [45] p. http://hdl.handle.net/10400.2/2536.

Marsh HW, and Dennis Hocevar. Application of confirmatory factor analysis
to the study of self-concept: first-and higher order factor modelstheir

23.

24.

25.

Page 10 of 10

invariance across groups. Psychological bulletin 97.3 (1985): 562. https://doi.
0rg/10.1037/0033-2909.97.3.562.

Bentler PM, Douglas G. Bonett. Significance tests and goodness of

fit in the analysis of covariance structures. Psychological bulletin
88.3(1980):588.https://doi.org/10.1037/0033-2909.97.3.562.

Doll WJ, and Gholamreza Torkzadeh. The measurement of end-user comput-
ing satisfaction. MIS quarterly (1988). https://doi.org/10.2307/248851.

Marsh HW, and Dennis Hocevar. Application of confirmatory factor analysis
to the study of self-concept: first-and higher order factor modelstheir
invariance across groups. Psychological bulletin 97.3 (1985). https://doi.
0rg/10.1037/0033-2909.97.3.562.

LiuY, Li H,Hong S, Yin X. Salt reduction and hypertension in China: a concise
state-of-the-art review. Cardiovasc Diagnosis Therapy. 2015;5(3):191-6.
https://doi.org/10.3978/j.issn.2223-3652.2015.05.01.

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


https://doi.org/10.1177/001316447403400115
https://doi.org/10.1177/073428299901700307
https://doi.org/10.1177/001316447403400115
https://books.google.co.jp/books?id=yQgAnwEACAAJ
http://data.doi.or.kr/qr/
https://doi.org/10.13106/jafeb.2020.vol7.no9.811
https://doi.org/10.13106/jafeb.2020.vol7.no9.811
https://doi.org/10.1177/002224378101800104
http://hdl.handle.net/10400.2/2536
https://doi.org/10.1037/0033-2909.97.3.562
https://doi.org/10.1037/0033-2909.97.3.562
https://doi.org/10.1037/0033-2909.97.3.562
https://doi.org/10.2307/248851
https://doi.org/10.1037/0033-2909.97.3.562
https://doi.org/10.1037/0033-2909.97.3.562
https://doi.org/10.3978/j.issn.2223-3652.2015.05.01

	﻿Development and validation of a scale to measure hypertensive Chinese individual’s behavior toward salt reduction consumption
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Target population
	﻿Ethics statement
	﻿Sample size
	﻿Salt-restriction behavior scale questionnaire (SRBS)
	﻿The survey instrument
	﻿Hypotheses
	﻿Statistical analysis

	﻿Results
	﻿Participant
	﻿Exploring factor analysis
	﻿Internal consistency
	﻿First-order confirmatory factor analysis
	﻿Confirmatory factor analysis
	﻿Model fit

	﻿Discussion
	﻿References


