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Abstract: This study aimed to develop and validate an instrument to analyze adults’ knowledge about metabolic syndrome. 
The instrument was developed via documentary research, resulting in 40 statements with Likert-type responses, organized into three 
domains: (1) knowledge about obesity and related diseases; (2) knowledge about risk factors; and (3) knowledge about protective 
factors. Experts’ analysis of the construct and testing on 600 participants were used to validate the instrument. Exploratory factor 
analysis indicated that six assertions had very low factor loadings and were excluded, resulting in 34 assertions. The final version of 
the instrument presented satisfactory internal consistency indicators, guaranteeing the first evidence of the instrument accuracy in 
assessing adults’ knowledge about metabolic syndrome.
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Evidências de Validade do Instrumento de Avaliação de Conhecimentos  
sobre Síndrome Metabólica

Resumo: O objetivo do presente estudo foi desenvolver e validar um instrumento para analisar o conhecimento de indivíduos adultos 
sobre a síndrome metabólica. O instrumento foi desenvolvido por meio de uma pesquisa documental resultando na construção de 
40 assertivas com respostas tipo Likert, organizadas em três domínios: (1) conhecimento sobre obesidade e doenças relacionadas; 
(2) conhecimento sobre fatores de risco; e (3) conhecimento sobre fatores de proteção. A validação foi realizada por meio da análise 
do constructo por especialistas e teste em uma amostra de 600 adultos. A análise fatorial exploratória indicou que seis assertivas 
apresentaram cargas fatoriais muito baixas e foram excluídas resultando em 34 assertivas. A versão final do instrumento apresentou 
indicadores de consistência interna satisfatórios, garantindo as primeiras evidências de precisão do instrumento para se avaliar o 
conhecimento de indivíduos adultos sobre a síndrome metabólica. 

Palavras-chave: questionário de saúde do paciente, síndrome metabólica, promoção da saúde, doenças crônicas não transmissíveis

Evidencia de validez del Instrumento de Evaluación de Conocimientos  
sobre Síndrome Metabólico

Resumen: El objetivo de este estudio fue desarrollar y validar un instrumento para identificar el conocimiento de los adultos 
sobre el síndrome metabólico. El instrumento se desarrolló en una investigación documental que resultó en la construcción de 
cuarenta afirmaciones con respuestas tipo Likert, organizadas en tres dominios: (1) conocimiento sobre la obesidad y enfermedades 
relacionadas; (2) conocimiento sobre factores de riesgo; y (3) conocimiento sobre factores protectores. La validación fue realizada por 
expertos mediante análisis del constructo y testeo sobre una muestra de 600 adultos. El análisis factorial exploratorio indicó que seis 
afirmaciones tenían cargas factoriales muy bajas y se excluyeron, lo que resultó en 34 afirmaciones. La versión final del instrumento 
presentó indicadores de consistencia interna satisfactorios, lo que garantiza la primera evidencia de la precisión del instrumento para 
evaluar el conocimiento de los adultos sobre el síndrome metabólico.

Palabras clave: cuestionario de salud del paciente, síndrome metabólico, promoción de la salud, enfermedades no transmisibles

Metabolic syndrome (MS) is a clinical condition 
characterized by a complex set of metabolic disorders 
associated with the development of several comorbidities, 
especially diabetes and cardiovascular diseases (Mahadzir 
et al., 2020). Recently, the prevalence of MS has increased 
significantly in the world population and the worsening 
of its components has contributed to increased mortality. 
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Therefore, the burden resulting from the consequences 
associated with MS overloads the health system, leading to 
significant expenses (Nilson et al., 2020), which makes MS 
an important global public health issue. 

With a complex etiology, MS seems to occur mainly in 
response to the combination of genetic and/or epigenetic 
factors and lifestyle (Ambrosini et al., 2020), such as an 
unbalanced diet — high intake of processed foods, ultra-
processed foods, saturated and trans fats (Semnani-Azad 
et al., 2020) — and sedentary behaviors (Amirfaiz & 
Shahril, 2019). In this sense, many of the MS control 
interventions are based on lifestyle changes, and theirs 
success depends on the degree of people’s self-care 
concerning their own health. Self-care can be defined as 
the process of maintaining health by conscious decision-
making for health management (Jaarsma et al., 2020), 
which, in the case of MS, can be exemplified by adherence 
to health-promoting practices.

Admittedly, strategies based on health promotion, 
according to sociocultural determinants of the health-
disease process, contribute to the control of many health 
issues, as they expand the individual’s ability to analyze 
reality and make more conscious decisions (Vieira et al., 
2021). Within a comprehensive sociopolitical process — 
with actions based on changing social, environmental, 
and economic determinants of health — health promotion 
has supported the optimization of healthcare services 
to improve quality of life (Nutbeam&Muscat, 2021). 
Therefore, health promotion, by encouraging healthier 
lifestyle habits, can lead to significant changes in people’s 
daily lives and, in the long term, could even be decisive in 
the MS management. 

Analyzing the efficiency of the health promotion 
approach in the MS prevention and/or treatment is a relevant 
step to enable the implementation of increasingly effective 
strategies to control this important public health issue, 
requiring the development of accurate and easy-to-apply 
assessment instruments to determine people’s knowledge 
about MS. Regarding aspects of health promotion linked to 
the individuals’ and communities’ training, there is a need 
for valuing knowledge related to the health-disease process, 
with a primary focus on risk and protective factors, since the 
literature has pointed out that the level of knowledge on MS 
differs worldwide, both in young people and older people 
(Anand et al., 2023; Cortez et al., 2018; Yahia et al., 2014; 
Wang et al., 2019).

However, according to the authors’ knowledge, 
instruments that sought to assess the adults’ knowledge on 
MS are unknown. (Ferret et al., 2021). Therefore, this study 
aimed to develop and to validate an instrument to assess the 
adults’ knowledge on MS.

Method

This is a mixed study, involving documentary analysis 
(development of an instrument) and cross-sectional 

field research (instrument validation), conducted from 
January 2020 to February 2021 in the municipality of 
Maringá/PR. The study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology 
(STROBE) recommendations (von Elm et al., 2008).

Participants

A total of 600 adults participants were recruited 
via social media platforms, namely: Facebook, 
Instagram, and WhatsApp.

Procedures

Data collection. The key elements for the development 
of the first version of the instrument were identified 
between January and March 2020, via a bibliographic 
search in periodicals indexed on the Scientific Electronic 
Library Online (SciELO), and on the the National Library 
of Medicine (PubMed), Medical Literature Analysis and 
Retrievel System Online (Medline), and Latin American 
and Caribbean Literature in Health Sciences (LILACS) 
databases. To search for articles, a combination of 
descriptors was used: “síndrome metabólica” [metabolic 
syndrome] and “fatores de risco” [risk factors], “síndrome 
metabólica” [metabolic syndrome] and “fatores de 
proteção” [protective factors], “síndrome metabólica” 
[metabolic syndrome] and “obesidade” [obesity], “síndrome 
metabólica” [metabolic syndrome] and “prevenção” 
[prevention], “síndrome metabólica” [metabolic syndrome] 
and “tratamento” [treatment]. After an in-depth reading of 
all scientific articles found by the search and relevant to the 
topic, all pieces of information about the MS prevention 
and treatment were identified. Those pieces of information 
were used as theoretical references to choose the 
instrument domains that were representative of what would 
be fundamental about the MS prevention and treatment. 
In this sense, 40 statements were prepared distributed into 
three domains: knowledge on obesity and related diseases 
(KORD); knowledge on risk factors (KRF), and knowledge 
on protective factors (KPF). Responses to the statements 
were made using a 5-point Likert measurement scale.

The validation process was developed during the 
second quarter of 2020. Initially, the theoretical analysis of 
the items was carried out by three experts in the treatment of 
obesity and related comorbidities (two physical education 
professionals, with master’s and doctorate degrees in 
the area — one of them is also a nutritionist —, and one 
endocrinologist, also with a master’s and doctorate degree 
in the area). To this end, a questionnaire was developed 
so that the raters could determine the clarity and degree 
of understanding of each statement. The instrument 
(1st version) and the questionnaire were sent to raters via 
the Internet. They were asked to consider whether: (a) the 
item assessed the phenomenon measured; (b) the item was 
written clearly; (c) the item was written appropriately; 
(d) the item was relevant to the instrument, and (e) to 
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which dimension the item should relate to KORD, KRF, 
or KPF. The item relevance was assessed based on a scale 
from 1 to 4: 1 – nonrelevant or nonrepresentative; 2 – item 
requires major revision to be representative; 3 – item needs 
a small revision to be representative; and 4 – relevant 
or representative. After receiving the raters’ analysis, 
the statements were adjusted and the second version of the 
instrument was developed.

The second version of the instrument was subjected 
to semantic and appearance validation by applying the 
instrument to 600 adults, recruited via Facebook, Instagram, 
and WhatsApp. The online version of the instrument was 
made available on social media from 2020 to February 2021. 
A sociodemographic questionnaire was also made available 
to determine the respondents’ characteristics. 

Data analysis. To estimate the evidence of the 
instrument content validity, Content Validity Index (CVI) > 
0.80 and Cronbach’s Alpha > 0.80 were adopted, an index 
considered capable of evaluating inter-rater agreement 
(Hernández-Nieto, 2002). In this study, raters evaluated 
the instrument regarding the clarity of language, practical 
suitability, and theoretical relevance of the items. Values 
above 0.80 were considered adequate (Cassepp-Borges 
et al., 2010).

To evaluate the evidence of instrument validity, a Parallel 
Analysis (PA) was carried out to estimate the dimensionality 
of the item set (Lim & Jahng 2019); then, the factor structure 
was estimated using Exploratory Factor Analysis (EFA). 
After the factorial structure was found, Confirmatory 
Factor Analysis (CFA) was performed to verify the validity 
of the instrument construct by (a) factor-item parameter and 
individual item-item reliability; (b) absolute, incremental, 
and parsimonious fit indices, and (c) average variance 
extracted to examine convergent validity. The model fit was 
tested using fit indices (expected reference values for each 
index): Chi-squared (ꭓ² and p-value), Root Mean Square 
Error of Approximation (RMSEA < 0.08, 90% CI), Tucker-
Lewis Index (TLI > 0.90), and Comparative Fit Index 
(CFI > 0.95). 

Convergent validity was assessed by the Average 
Variance Extracted (AVE), and values greater than 0.50 
were considered acceptable indicators of convergent 
validity (Luoma et al., 2010). Discriminant validity was 
assessed by comparing AVE with the quadratic correlation 
between the factors. Composite Reliability (CR) was 
calculated using CFA results, as this measure provides the 
internal consistency index of the instrument dimensions 
through the factor loadings of the respective items. 
Values > 0.70 were considered indicators of adequate 
composite reliability. 

Regarding the instrument precision indicators, 
Cronbach’s Alpha and McDonald’s Omega coefficients were 
calculated, with satisfactory values being ≥ 0.70 (Malacarne 
et al., 2017). All analyses were conducted with R Language 
for Statistical Computing (R Foundation, Vienna).

Ethical Considerations 

The study protocol was approved by the Research  
Ethics Committee of the Universidade Cesumar under 
Opinion No. 4,080,654, CAAE No. 32984620.4.0000.5539.

Results

The first results to determine the instrument validity 
were obtained from the CVC analysis to test inter-rater 
agreement. Table 1 presents the values obtained for each 
of the 40 statements, as well as the total CVC. Note that 
all items presented values ≥ 0.80, indicating that, for this 
analysis, acceptable values of inter-rater agreement were 
obtained with regard to the statement content.

After the results of evidence of content validity, and before 
the analyses of the instrument structure, an analysis of data 
adequacy was performed using the Kaiser-Meyer-Olkin index 
(KMO = 0.94), which indicated the suitability of the data to be 
subjected to AFE. Then, an analysis was carried out to verify the 
instrument dimensionality after applying the adapted version 
(2nd version) on social media platforms via the Internet.

Table 2 presents the characterization of the  
600 instrument respondents to complete the validation 
process. Notably, the majority of participants are 
aged 31 – 50 years (41%), women (71%), White (79%), 
and with completed Tertiary Education (48%). Regarding 
family income, the declared average was six minimum wages. 

Based on the 600 participants’ responses, the data were 
processed using PA, with the results indicating the retention 
of two factors. Nevertheless, the structure suggested by PA 
did not correspond to the structure initially designed for the 
instrument, and, besides, the fit indices for EFA with two factors 
were not adequate. Thus, EFA was performed to test how the 
instrument behaved considering its unidimensionality, which 
generated satisfactory fit indices. Some statements, however, 
presented very low factor loadings (1, 2, 3, 5, 14, and 40), 
thus the option was their exclusion. Table 3 presents the values 
of the model estimated via AFE for each statement, with the 
respective factor loadings and communality indices, as well  
as the internal consistency indicators presented by the factor.

With the new statement structure (3rd version), the AFE 
results showed that the unidimensional instrument model, 
now with 34 statements, presented satisfactory fit indices. 
Regarding the values of the factor loadings of the 34 statements, 
all were above 0.4, and the precision indicators — Cronbach’s 
alpha and McDonald’s Omega — indicated satisfactory 
levels of internal consistency, guaranteeing the first evidence 
of internal structure and instrument accuracy.

Confirmatory Factor Analysis (CFA) was performed 
following the unidimensionality previously found. Then, 
adequate fit indices were found for the unidimensional scale, 
values presented in Table 4.

Figure 1 shows the factor loadings of all statements 
performed adequately, with indices ranging from 0.44 (item 
13) to 0.85 (item 11).
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Table 1
Content validity coefficient of the instrument statements to test inter-rater agreement

Individual CVC

Item Clarity Adequacy Relevance
1 1.0 0.9 1.0

2 1.0 0.9 1.0

3 0.8 0.8 0.9

4 1.0 0.9 0.8

5 1.0 0.9 1.0

6 1.0 1.0 1.0

7 1.0 1.0 1.0

8 0.8 0.8 0.8

9 0.9 0.9 0.9

10 1.0 0.9 1.0

11 1.0 0.9 1.0

12 0.8 0.8 0.8

13 0.9 1.0 1.0

14 0.9 0.9 0.9

15 0.9 0.9 0.8

16 1.0 1.0 1.0

17 1.0 1.0 1.0

18 1.0 0.9 0.9

19 1.0 1.0 0.9

20 0.9 0.8 0.8

21 1.0 1.0 0.8

22 1.0 0.9 1.0

23 1.0 0.9 0.9

24 0.9 0.8 1.0

25 1.0 1.0 0.9

26 0.9 1.0 0.9

27 1.0 0.8 1.0

28 0.9 0.9 0.9

29 0.8 0.8 0.8

30 1.0 1.0 1.0

31 0.9 0.8 0.9

32 1.0 1.0 1.0

33 1.0 1.0 1.0

34 1.0 0.9 1.0

35 1.0 1.0 0.8

36 0.9 0.9 0.8

37 1.0 1.0 1.0

38 0.9 0.9 1.0

39 1.0 1.0 0.8

40 1.0 1.0 1.0

Total 0.9
Note. CVC = Content Validity Coefficient.
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Table 2
Characterization of study participants

Gender N %
Female 426 71
Male 174 29
Age group
18 – 30 156 26
31 – 50 246 41
51 – 70 174 29
71 – 90 24 4
Schooling
No schooling 15 2.5
Complete Primary Education 96 16
Complete Secondary Education 288 48
Complete Tertiary Education 168 28
Specialization course 9 1.5
Master / Doctoral degree 24 4
Race
Black 30 5
Mixed race 87 14.5
White 474 79
Asian 9 1.5

Table 3
Values related to Exploratory Factor Analysis of the Instrument

Item Factor loading h2 Cronbach’s alpha McDonald’s Omega
1 0.4 0.15 0.93 0.93
2 0.4 0.14
3 0.5 0.28
4 0.5 0.27
5 0.4 0.20
6 0.5 0.24
7 0.5 0.24
8 0.5 0.22
9 0.4 0.20
10 0.6 0.36
11 0.6 0.32
12 0.5 0.29
13 0.4 0.12
14 0.4 0.15
15 0.5 0.21
16 0.5 0.24
17 0.6 0.36
18 0.7 0.43
19 0.7 0.44
20 0.5 0.27
21 0.6 0.37
22 0.5 0.27
23 0.6 0.33
24 0.5 0.22
25 0.7 0.49
26 0.7 0.51
27 0.6 0.35
28 0.6 0.40
29 0.6 0.31
30 0.7 0.45
31 0.7 0.42
32 0.6 0.38
33 0.6 0.36
34 0.7 0.42
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Table 4
Fit indicators of confirmatory factor analysis models

Instrument for Measuring Knowledge of MS
Chi-squared ꭓ²(df/p-value) 2147.932 (527/0.00)

RMSEA (90% CI ) 0.065 (0.063;0.068)
TLI 0.91
CFI 0.91
CC 0.96

AVE 0.46
Note. df: Degrees of Freedom; RMSEA = Root Mean Square Error of Approximation; TLI = Tucker-Lewis Index; CFI = Comparative Fit 
Index; AVE = Average Variance Extracted; CC = Composite Reliability.

Figure 1 
CFA Diagram of the Instrument for Assessing Knowledge of Metabolic Syndrome
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After the instrument was validated, its final version 
consisted of 34 statements.

Discussion

The instrument for assessing knowledge on MS, 
proposed in this study, was developed based on aspects 
associated with the etiology, treatment, and control of this 
chronic noncommunicable disease, which enabled both the 
design of the statements and the organization of the construct 
domains. The use of documentary analysis — especially 
of scientific articles — for the development of the initial 
versions of health assessment instruments has been suggested 
as an important stage in the process, not only for content 
enrichment but also for domain definition and organization 
(Leite et al., 2018; Rattray & Jones, 2007).

Regarding “knowledge on obesity and related diseases” 
domain, three articles were used as main references for the 
elaboration of statements 2, 3, 4, 12, 13, 14, 16, 18, 19, 
20, 21, 22, 23, 24, 26 and 27. These statements direct the 
analysis to determine relevant knowledge on MS etiology 
and its relationship with obesity, in addition to be related with 
symptoms and conditions that are syndrome-related. In the 
“knowledge on risk factors” domain, three articles were used 
as main references for the elaboration of statements 1, 10, 
11, 15, 29, 31, 32, 33. This domain covers knowledge on 
the risk factors that can trigger MS in the short, medium, 
and long terms. Recognizing the level of people’s perception 
of risk factors is essential for designing future health 
education strategies based on the prevention of obesity and, 
consequently, MS. In the “knowledge on protective factors” 
domain, three articles were used to prepare statements 5, 6, 7, 
8, 9, 17, 25, 28, 30, 34. In this domain, the statements lead to 
knowledge of the main factors described as protective against 
the MS development, further strengthening the analysis of 
events that are crucial for implementation of more assertive 
strategies for MS prevention and management.

The instrument was initially validated considering 
quantitative and qualitative questions from the perspective 
of content analysis based on the evaluation of suggestions 
from a panel of experts, as previously proposed (Rodríguez 
de Vera et al., 2021). This step made it possible to ensure 
evidence of scale validity, that is, indicate precisely what was 
proposed to be measured as previously indicated (Cano & 
Hobart, 2011; Elangovan & Sundaravel, 2021; Tibúrcio 
et al., 2015). Furthermore, to provide evidence of the 
instrument validity, the dimensionality of the item set was 
also estimated and the precision indicators were calculated 
(Lim & Jahng, 2019; Malacarne et al., 2017). Taken together, 
all the results obtained in the process indicated that the 
instrument in question holds consistent validation. 

According to the Standards for Educational Psychological 
Testing (American Educational Research Association et al., 
2014), there are several sources of evidence that can be used 
when evaluating the validity of a proposed interpretation of 
test results for a specific use. These sources of evidence may 

illuminate different aspects of validity, but they do not represent 
distinct types of validity as this is a unitary concept. Validity is 
the degree to which all accumulated pieces of evidence support 
the intended interpretation of test results for the proposed use.

The availability of an instrument with consistent validation 
is important in the current scenario of increasing cases of 
people with obesity, since many of the efforts to improve the 
quality of life of people at risk of developing MS depend on 
the implementation of educational strategies aimed at the 
different syndrome aspects (Mattos et al., 2021; Świątkiewicz 
et al., 2021). Among the main limitations of health promotion 
strategies based on health education, the highlight is the 
difficulty in measuring individuals’ knowledge gain after 
educational interventions. Therefore, providing a validated 
instrument to analyze people’s knowledge on MS could 
contribute to the evolution of health education strategies aimed 
at lifestyle changes, as previously pointed out (Coluci et al., 
2015). The instrument developed in this study was validated 
using standardized statistical criteria and can, therefore, 
be useful in analyzing the effectiveness of interventions  
aimed at increasing people’s level of knowledge on MS.

Studies conducted to evaluate the knowledge of people 
in different age groups state that the more a person learns 
about their own clinical condition, the better the effect of the 
treatment in relation to remission and recovery of their health 
(Anand et al., 2023; Emiral et al., 2021; Wang et al., 2019). 
Therefore, those who acquire knowledge and information 
about MS are more likely to follow a regular physical activity 
routine and maintain a healthy diet, thus presenting weight 
control, an important factor for the MS treatment (Wang et al., 
2019). Thus, the use of instruments that contribute to assessing 
people’s knowledge on MS can provide early detection 
and intervention of risk factors, and educational settings 
(schools and universities) are the best places for the early 
implementation of such interventions (Yahia et al., 2014). 
Risk perception is an important factor for an effective change 
of habits, behaviors and even of a lifestyle (Cortez et al., 2018; 
Yahia et al., 2014). In view of this, interventions that aim at 
health education, with information about MS, if well targeted, 
can promote transformation and emancipation, leading people 
to make more conscious choices (Cortez et al., 2018).

Study Limitations

Although in statistical terms the sample composed of 600 
participants was sufficient for the analyses, one cannot ignore the 
fact that a convenience sampling was employed and, therefore, 
must be considered as a limiting factor. Furthermore, note that 
there was no phase to measure the construct validity among the 
target audience before data collection, which also represents 
a study limitation. Together, these limitations bring some 
methodological questions to the validation process, which must 
be overcome in future instrument adaptation. As this is the 
first attempt to develop such an instrument, another point that 
must be considered in future studies is its adequacy in terms of 
the item content so that it can be used considering the three 
domains previously considered for this study.
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The instrument is easy to apply and has, in its proposal, 
34 statements, whose sum of scores can indicate people’s 
level of knowledge on MS, with higher scores indicating 
good knowledge of relevant aspects of MS prevention 
and treatment, and smaller ones indicating a limited 
knowledge. The version developed here obtained adequate 
psychometric qualities and, therefore, can be used to analyze 
the effectiveness of educational strategies aimed at MS.  
Future studies should evaluate the factorial structure obtained 
in this study in different samples to prove its dimensionality.
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