
RESEARCH ARTICLE

Translation, cross-cultural adaptation and

psychometric evaluation of the Brazilian

version of the Cystic Fibrosis Knowledge Scale

(CFKS)

Karolinne Souza MonteiroID
1*, Thayla Amorim Santino2, Smita Pakhale3☯¤a¤b,

Louise Balfour3☯¤c¤d, Karla Morganna Pereira Pinto de Mendonça2

1 Faculty of Health Science of Trairi, Federal University of Rio Grande do Norte, Santa Cruz, Brazil,

2 Graduate Program of Physical Therapy, Federal University of Rio Grande do Norte, Natal, Brazil, 3 Faculty

of Medicine, University of Ottawa, Ottawa, Canadá
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Abstract

Background

Information on the level of knowledge about cystic fibrosis (CF) among affected people and

their families is still scarce.

Objective

This study aimed to translate, cross-culturally adapt and analyze the psychometric proper-

ties of the Brazilian version of Cystic Fibrosis Knowledge Scale (CFKS).

Materials and methods

The translation and cross-cultural adaptation involved the stages of translation, synthesis of

translations, reverse translation, synthesis of reverse translations, review by a multi-profes-

sional committee of experts and pre-testing. The reliability, viability, construct, predictive,

concurrent and discriminant validity were investigated.

Results

The sample consisted of 40 individuals with cystic CF, 47 individuals with asthma, 242

healthcare workers and 81 students from the health area. The Brazilian version of the CFKS

presented high internal consistency (α = 0.91), moderate floor and ceiling effects, without

differences in the test-retest scores. An analysis of factorial exploration identified three

dimensions. Confirmatory factor analysis led to an acceptable data-model fit. There was

good predictive validity, with a difference in the scores among all the evaluated groups (p
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<0.001), as well as good discriminant validity since individuals with asthma had greater

knowledge of asthma compared to CF (r = 0.401, p = 0.005; r2 = 0.162). However, there was

no difference between the diagnosis time and knowledge about CF (r = -0.25, p = 0.11; r2 =

0.06), either between treatment adherence and knowledge about CF (r = -0.04, p = 0.77; r2

= 0.002).

Conclusion

The Brazilian version of the CFKS indicated that the scale is able to provide valid, reliable

and reproducible measures for evaluating the knowledge about CF.

Introduction

Cystic fibrosis (CF) is an autosomal recessive inheritance disease with multisystem involve-

ment and considerable clinical, economic and social burden [1]. Guidelines for its treatment

include continuous use of multiple medications, nutritional intervention, respiratory physio-

therapy and daily physical activity [2–4], insulin therapy and enzyme replacement in people

with pancreatic disorders [3].

Treatment is daily, time consuming, complex and repetitive, which imposes a heavy burden

on affected people and their families [5, 6]. These aspects associated with poor knowledge of

the disease decrease treatment adherence [6–8]. In turn, low adherence is an important predic-

tor for pulmonary exacerbation [8] and is related to increased risk of hospitalization [9] and

longer hospital stay [8].

There has been evidence since the 1990s that inadequate knowledge of CF characterized by

a lack of clear understanding of the disease, the benefits of treatment and self-managed care

measures, decrease treatment adherence [10]. Current research reinforces this by identifying

that people with chronic diseases have little knowledge about medication use, and this is one

of the main barriers to treatment adherence [11–13].

Information on the level of knowledge about CF among affected people and their families is

still scarce [14]. The knowledge level about the pathology is measured through specific instru-

ments developed for this purpose. There are few validated instruments for the Portuguese lan-

guage which assess the knowledge of other chronic lung diseases, such as the Asthma

Knowledge Questionnaire [15] and the Chronic Obstructive Pulmonary Disease (COPD)

Knowledge Questionnaire in Primary Care [16]. There are some instruments regarding CF

developed and validated in the English language such as the Cystic Fibrosis Medication

Knowledge Questionnaire (CFMKQ) for children and their caregivers [17], a questionnaire

assessing the knowledge and understanding of adults with CF [18], the Cystic Fibrosis Knowl-

edge Questionnaire (CFKQ) [19], and the Cystic Fibrosis Knowledge Scale (CFKS) [20], devel-

oped for adults. However, there is not yet an instrument available in the Portuguese language

to evaluate this construct.

Among these instruments, the CFKS stands out for being a short, self-applied, clinically

useful scale that was originally developed and validated in Canada for the English language. It

was developed by a panel of 10 CF specialists and a focus group of patients living with CF and

their caregivers who elaborated 30 items on the pathology knowledge. There are three answer

options for each item: true, false, or not sure. The scale should be interpreted broadly by divid-

ing the number of items answered correctly by the total number of items. The higher the score,

the greater the CF knowledge [20]. A previous study aimed to determine the correlation
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between patients’ confidence in their knowledge and the level of knowledge by CF specific

scales, including the CFKS. Participants who received educational content related to CF have

performed well on the knowledge instruments. However, patient confidence did not correlate

to better knowledge. This study highlighted those educational components should be tailored

to patients’ needs and goals. Also, the use of knowledge instruments may be a proper way to

identify the gaps [21].

Considering the lack of a valid and reliable instrument for Brazilian adults with CF to assess

knowledge about the disease, the aim of this study was to translate, cross-culturally adapt and

evaluate the psychometric properties of the Brazilian version of CFKS.

Materials and method

This study was previously approved by the Research Ethics Committee of the Federal Univer-

sity of Rio Grande do Norte (2,628,776). All participants signed a free and informed consent

form.

The translation and cross-cultural adaptation process was previously authorized by the

author of the original questionnaire [20] and followed the internationally proposed recom-

mendations [22–24]. In the first stage, two Brazilian translators fluent in English and with dif-

ferent backgrounds, translated the original version of CFKS. Then a committee with three

physical therapists (which had experience with translation and cultural adaptation of standard-

ized instruments) compared the two translations and produce one common translated docu-

ment. In the third stage, two professional translators back translated independently the unified

Brazilian version to English. They were native English speakers and had different backgrounds.

The committee met to discuss and to consolidate all versions and create a pre-final version of

the translated document, which means the first adapted version of CFKS in Brazilian

Portuguese.

The multiprofessional committee of experts, which consisted of eight participants, assessed

the pre-final Brazilian version of CFKS. Subsequently, the pretest was performed with 10 sub-

jects with CF and 10 health professionals using the pre-final version. Each volunteer answered

an online version of CFKS. When evaluating each item, the volunteer could select either “it is

clear/understood” or “it is not clear/not understood”. The volunteer could suggest modifica-

tions to make it understandable [25]. To the final stage of the adaptation process, all the ver-

sions were submitted and approval by original author.

Participants

Similar to the validation of the original CFKS version [20], the population was composed of

adults diagnosed with CF according to the Brazilian Guidelines for the Diagnosis and Treat-

ment of Cystic Fibrosis [3]; Health professionals; adults diagnosed with asthma according to

the Global Initiative for Asthma (GINA) [26]; and undergraduate health students (physiother-

apy). All participants were�18 years old. Participants who could not understand any of the

necessary procedures and/or did not answer the questionnaires during the pre-defined period

would be excluded. Those among participants with CF who underwent lung transplantation

would be excluded.

The recruitment of health professionals, CF and asthma participants was carried out

through social media dissemination and in a reference hospital in the treatment of respiratory

diseases. Physiotherapy students were recruited from a university.

Contact was made through e-mail disclosure to regional and national councils of health

professionals, CF associations and non-governmental organizations, social networks and on a
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previously scheduled date, in face-to-face situations. After signing the consent form and agree-

ing to participate in the research, the procedures for data collection were carried out.

Data collection

Prior to applying the Brazilian version of CFKS, participants answered an economic classifica-

tion questionnaire [27], a questionnaire to assess CF patient adherence to treatment [28] and a

scale on asthma knowledge [15] (Fig 1).

The economic classification was performed according to the criteria defined by the Brazil

Economic Classification Criterion (CCEB). CCEB is based on a point system that considers

the number of durable goods, level of education, and access to public services. Higher points

indicate higher economic class: A, from 45 to 100 points; B1, from 38 to 44 points; B2, from 29

to 37 points; C1, from 23 to 28 points; C2, from 17 to 22 points; D and E, from zero to 16

points [27].

Adherence to treatment by the CF participants was assessed by a questionnaire developed

by Conway et al. (1996) [29] and adapted to the Portuguese language [28]. However, it has not

been validated to Brazilian population and there is a lack of validated instruments measuring

this construct. The adhesion score considers the quotient between the total points obtained

and the total possible points, ranging from 1 (total adhesion) to 0 (zero adhesion).

Fig 1. Flowchart of the evaluations in different samples.

https://doi.org/10.1371/journal.pone.0259232.g001
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The asthma knowledge questionnaire has 34 items assessing etiology, pathophysiology, symp-

toms, triggers, treatment, prevention, and action plans. Items can be scored as “yes”, “no” and “I

don’t know” with a maximum score of 34 points. The Brazilian version demonstrated a unidimen-

sional structure through factor analysis (Kaiser-Meyer-Olkin = 0.53; Bartlett’s test = p< 0.001),

good test-retest reliability (p = 0.43), and adequate internal consistency (α = 0.69) [15].

Statistical analysis

Data were analyzed according COnsensus-based Standards for the selection of health Mea-

surement INstruments (COSMIN) [23]. The analyses were performed using the Statistical

Package for Social Science (SPSS) software, version 22.0 for Windows (IBM Corporation,

Armonk, NY, USA), considering a significance level of 5%. Data normality was verified by the

Kolmogorov-Sminorv test.

The effect size (ES) of correlations were computed using the online calculator https://www.

psychometrica.de/correlation.html, by r2 [30]. According to Cohen, the reference values are:

low effect: < .12; medium effect: .13 to .25; high effect:� .26 or above [31]. The ES of compari-

son analysis was calculated by Cohen’s d in the online calculator https://www.psychometrica.

de/effect_size.html [32]. Cohen’s was interpreted according to the guidelines suggested by

Cohen (small effect: .20 to .49; moderate effect: .50 to .79; and� .80, strong effect) [33].

Content validity. Content validity was analyzed by the Content Validation Index (CVI),

accepting values�0.75 during the multiprofessional expert committee steps [34].

Reliability. Internal consistency was analyzed using Cronbach’s alpha coefficient. Values

of α above 0.70 were considered adequate, confirming that the items were sufficiently corre-

lated [35].

Test-retest. The Brazilian version of CFKS was applied to undergraduate students (Phys-

iotherapy) who had not taken courses on studying CF. The test-retest was performed every

two weeks. The hypothesis was that there would be no differences between the test and the

retest, since the students would not have activities related to CF knowledge. The evaluation

was performed by the Intraclass Correlation Coefficient (ICC), for which 0.70 is recommended

as a minimum standard for reliability [36].

Floor and ceiling effects. The ceiling effect was determined by the percentage of partici-

pants who scored in the upper decile of the scale, and the floor effect by the percentage of par-

ticipants who scored in the lower decile of the scale. Floor and ceiling effects are considered to

be present if more than 15% of participants have minimal or maximal scores [37]. Moderate

floor and ceiling effects were considered up to 25%, and substantial if greater than 25% [38].

Construct validity. The construct validity of the instrument was assessed by exploratory

(EFA) and confirmatory factor analysis (CFA). The Kaiser-Meyer-Olkin (KMO) test, Barlett

Sphericity test and EFA were performed. Oblique processes was used for matrix rotation to

obtain the best factor load configuration and factor interpretability. A CFA was performed

with JASP software (https://jasp-stats.org/). The fit indices were calculated by χ2, degree of

freedom (df), χ2/df, comparative fit index (CFI), Tucker-Lewis Index (TLI), goodness of fit

index (GFI), standardized root mean residual (SRMR), and root-mean-square error of approx-

imation (RMSEA). The reference values for excellent model fit were χ2/df < 3, CFI, TLI, and

GFI values> 0.95, SRMR < 0.08, and RMSEA� 0.06 [23, 39]. Estimation method was per-

formed using robust Diagonally Weight Listed Square (DWLS) [40].

Criterion validity. Criterion validity considers the relationship between scores of a given

instrument and some external criterion. The scores of the measuring instrument must be cor-

related with the scores of the external criterion and this coefficient is analyzed. Criterion valid-

ity could be analyzed by predictive and concurrent validity [23].
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Predictive validity. Predictive validity was performed by comparing the percentage of

correct answers from the four groups: participants with CF, participants with asthma, health

professionals and physical therapy students, using the Kruskal-Wallis test.

Concurrent validity. Pearson’s correlation test was used to correlate CF diagnosis time

and treatment adherence with CF knowledge. The values recommended by the British Medical

Journal were considered as reference [41]. An unpaired student’s t-test was used to compare

patients’ gender and knowledge about CF.

Discriminating validity. Discriminating validity assessed whether the CFKS was unduly

related to different constructs [42]. This validity was assessed in participants with asthma, cor-

relating their knowledge of CF to their knowledge of asthma by the Pearson’s correlation test.

The hypothesis was that there was a positive correlation between the responses of both

instruments.

Results

Sample characteristics

The sample consisted of 411 participants, 40 (9.7%) participants with CF, 242 (58.9%) health

professionals, 82 (20%) physical therapy students and 47 (11.4%) participants with asthma.

The socioeconomic characteristics of the evaluated sample are described in Table 1.

Content validity

The multi-professional committee of experts was composed of eight specialists with an average

age of 49.75 ± 9.11 years, six (75.00%) females and five (62.50%) with doctorate degrees. The

committee members were two physiotherapists, three physicians, a nutritionist, a psychologist

with experience in psychometrics and a CF patient’s mother, representing the target audience.

Two items of the Brazilian version of CFKS were considered inappropriate (CVI < 0.75): a)

item 4: “Aerobic exercises are more important for CF patients than for patients without CF”

and b) item 5: “For greater social support, face-to-face interaction among CF patients is highly

recommended” with CVI of 0.63 and 0.38, respectively. From the suggestions of the multidisci-

plinary committee of experts, these items were adjusted to: a) item 4: “Aerobic exercise (e.g.,

running, swimming, cycling) is more important for CF patients than for patients without CF”

and b) item 5: “For better socialization, face-to-face interaction between CF patients is recom-

mended”. These items reached CVI of 1.00 and 0.80 after the committee’s suggestions,

respectively.

The pretest was performed with 10 female health professionals with a mean age of

35.40 ± 9.70 years; and with 10 CF patients, being 60% women, with a mean age of

23.30 ± 5.98 years. All items on the scale obtained CVI� 0.75 on the pretest and therefore did

not require further modifications.

The Brazilian version of CFKS is on S1 Appendix.

Psychometric properties of the Brazilian version of CFKS

Reliability. The Brazilian version of CFKS presented high internal consistency of its

items, identified by Cronbach’s alpha coefficient (0.91). Detailed information is shown in

Table 2.

Test-retest. Test-retest was evaluated in a sample of 57 students. There was no difference

in the 2-week interval (ICC: 0.813; 95% CI 0.682–0.890; p<0.001), suggesting adequate test-

retest reliability.
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Table 1. Socioeconomic characterization of cystic fibrosis participants, health professionals, physiotherapy stu-

dents and participants with asthma.

Variable M±SD or N (%)

Participants with CF (n = 40)

Age, in years 23.85±7.27

Age of diagnosis, in years 9.45±8.70

Gender

Female 29 (72.50)

Male 11 (27.50)

Civil status

Single/Widowed/Divorced 26 (65.00)

Married/Stable union 14 (35.00)

Education

Incomplete elementary 2 (5.00)

Completed elementary 1 (2.50)

Incomplete High school 5 (12.50)

Completed High school 10 (25.00)

Incomplete Higher education 8 (20.00)

Completed Higher education 6 (15.00)

Post-graduation 8 (20.00)

Economic classification

A 1 (2.50)

B 22 (55.00)

C 12 (30.00)

D-E 5 (12.50)

Current occupation

Employed 8 (20.0)

Unemployed 22 (55.00)

Pension/Retired 10 (25.00)

Adhesion to cystic fibrosis treatment 0.73 (0.20)

Health professionals (n = 242)

Age, in years 30.98±7.13

Time since graduating, in years 6.79 (6.74)

Gender

Female 202 (83.5)

Male 40 (16.5)

Credential title

Doctorate degree 13 (5.40)

Master’s degree 54 (22.30)

Specialization 103 (42.60)

Graduate degree 72 (29.70)

Physiotherapy students (n = 82)

Age, in years 20.99±3.86

Gender

Female 62 (75.60)

Male 20 (24.4)

Participants with asthma (n = 47)

Age, in years 29.96±9.16

Age of diagnosis, in years 9.60±8.56

(Continued)
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Floor and ceiling effects. For the total of CFKS score no floor or ceiling effects were

found as floor effect reached 7.3%, while the ceiling effect was found in only 4.9% of the total

sample.

Construct validity. The results of the Kaiser-Meyer-Olkin test (KMO = 0.93) and Barlett’s

sphericity test (χ2 = 3737.54; p = 0.00) enabled performing an exploratory factor analysis

(Table 2). Component extraction was performed based on the determination of three factors,

which explained 40.06% of the total variance (Table 3).

The factorial analysis allowed us to identify the three dimensions that make up the Brazilian

version of CFKS, namely: 1) “medication, physiotherapeutic aspects and social interaction”,

collecting 18 items related to knowledge about the use of inhaled medications and hygiene of

the equipment used to administer them; antibiotic use, respiratory physiotherapy and face-to-

face interaction among people with CF; 2) “gastrointestinal, genetic and reproductive aspects”,

collecting 9 items related to vitamin and enzymatic supplementation, diabetes, genetics and

fertility; and 3) “nutritional aspects”, which brought together 3 items with specific information

on dietary lipid and caloric content and inadequate administration of pancreatic enzymes

(Table 3).

After EFA, the CFA was performed with a three-dimensional model. The indexes of x2, df,

χ2/df, CFI, TLI, GFI, SRMR, and RMSEA values indicate an excellent fit to the data (x2 =

389.597, df = 402, p = 0.662, χ2/df = 0.969, CFI = 1.000, TLI = 1.001, GFI = 0.988,

SRMR = 0.056, RMSEA = 0.000, Confidence interval = 0.000–0.019).

Predictive validity. The Kruskal-Wallis test showed that there is a difference between the

groups regarding the percentage of correct answers (x2(3) = 192.757; p<0.001). Differences

occurred between groups of physiotherapy students and health professionals, physiotherapy

students and CF participants, asthma participants and health professionals, asthma partici-

pants and CF participants, health professionals and CF participants (p<0.001 for all compari-

sons) (S2 Appendix).

Concurrent validity. The CF patients had a high percentage of knowledge about the dis-

ease (79.50 ± 10.22), however there was no relationship between the time since diagnosis and

the percentage of correct answers (r = -0.25; p = 0.11; r2 = 0.06), there was no relationship

between treatment adherence and knowledge (r = -0.04; p = 0.77; r2 = 0.002), and there was no

difference between genders (p = 0.40; 95% CI: -4.28; 10.42; Cohen’s d = -0.29).

Discriminating validity. There was a moderate and positive correlation between CF

knowledge (33.40 ± 25.40) and asthma (24.77 ± 4.54) (r = 0.401; p = 0.005; r2 = 0.162).

Table 1. (Continued)

Variable M±SD or N (%)

Gender

Female 36 (76.60)

Male 11 (23.40)

Civil status

Single/Widowed/Divorced 28 (59.60)

Married/Stable union 19 (40.40)

Economic classification

A 7 (14.90)

B 20 (42.60)

C 18 (38.20)

D-E 2 (4.30)

https://doi.org/10.1371/journal.pone.0259232.t001
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Discussion

The translation, cross-cultural adaptation and evaluation of the psychometric properties of the

Brazilian version of CFKS indicated that the scale is capable of providing reliable, valid and

reproducible measurements in evaluating the construct knowledge about CF. The method

used in this study has been internationally used and accepted to ensure methodological quality

[22–24].

Beaton et al. (2000) [22] recommend that the translators involved in the process should

have different profiles, one of which should have technical knowledge and be aware of the con-

cepts to be evaluated, while the other should represent the population of the country to which

the instrument is being translated. The multi-professional committee of experts should involve

health professionals, a specialist in the translation and cross-cultural adaptation process, and a

representative of the target population. All these recommendations were followed, which

ensured the conceptual, semantic and idiomatic equivalence of this version. In addition, the

Table 2. Mean scores from the Brazilian version of the Cystic Fibrosis Knowledge Scale (CFKS), standard deviation (SD) for individual items, correlated item-cor-

rected total, and internal consistency (Cronbach’s alpha) if item is excluded.

Scale item Mean SD Item correlation/corrected total Cronbach’s alpha if item is excluded

1. Type of diet 0.95 0.85 0.35 0.91

2. Need to do chest physiotherapy 0.43 0.79 0.59 0.91

3. Proper nutrition and progression of lung disease 0.32 0.73 0.54 0.91

4. Importance of aerobic exercise 0.81 0.82 0.44 0.91

5. Recommendation of face-to-face socialization 0.65 0.79 0.31 0.91

6. Lung transplants 0.81 0.91 0.56 0.91

7. Risk of developing diabetes 1.14 0.93 0.53 0.91

8. Having a child with CF 1.25 0.53 0.48 0.91

9. Use of inhaled CF medications 0.50 0.80 0.56 0.91

10. Use of antibiotics and drug resistance 0.33 0.70 0.49 0.91

11. Medications for drying up mucus 0.49 0.81 0.54 0.91

12. Assistance during chest physiotherapy 1.18 0.62 0.49 0.91

13. Use of masks to deliver nebulized medication 1.27 0.77 0.34 0.91

14. Frequency of cleaning nebulizer devices per month 0.96 0.62 0.40 0.91

15. Body position during chest physiotherapy 1.14 0.72 0.40 0.91

16. Calories eaten 1.24 0.68 0.49 0.91

17. When to use antibiotics 0.90 0.76 0.46 0.91

18. Use of soluble vitamins 0.90 0.97 0.54 0.91

19. Frequency of cleaning nebulizer devices per week 0.51 0.75 0.48 0.91

20. Consume of pancreatic enzyme supplements 1.21 0.90 0.53 0.91

21. Genetic screening test 0.74 0.95 0.57 0.91

22. Vitamin deficiency 0.63 0.92 0.67 0.90

23. Pancreatic enzymes and risk of drug resistance 1.09 0.92 0.29 0.91

24. Male infertility 1.24 0.90 0.52 0.91

25. Routine of chest physiotherapy 1.09 0.38 0.48 0.91

26. Benefits of chest physiotherapy 1.09 0.45 0.48 0.91

27. Lung functioning and body weight 0.77 0.90 0.49 0.91

28. CF genes 0.97 0.87 0.57 0.91

29. Amount of pancreatic enzyme supplements 1.28 0.89 0.52 0.91

30. Safety of face-to-face socialization 1.31 0.67 0.46 0.91

https://doi.org/10.1371/journal.pone.0259232.t002
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CVI� 0.75 ensured that items fit the new cultural context. In developing the original English

scale [20], the authors attested to its content validity only through a panel of experts.

Regarding reliability, both the original version [20] and the Brazilian version of CFKS were

reliable (α>0.90). This was different from the reliability presented by the instrument of Siklosi

et al. (2010) [18] (α = 0.60), confirming that the items were not sufficiently correlated [35]. In

addition, the instrument proposed by Nash et al. (2009) [19] is only available in summary

form and did not enable a comparison of the reliability of this scale with the others available

[18, 20].

Table 3. Factorial structure of the Brazilian version of the Cystic Fibrosis Knowledge Scale (CFKS).

Scale Item Factors

1 2 3 h2

19. Frequency of cleaning nebulizer devices per week 0.67 0.43

14. Frequency of cleaning nebulizer devices per month 0.66 0.36

15. Body position during chest physiotherapy 0.60 0.32

9. Use of inhaled CF medications 0.58 0.43

17. When to use antibiotics 0.56 0.35

26. Benefits of chest physiotherapy 0.56 0.41

12. Assistance during chest physiotherapy 0.52 0.35

10. Use of antibiotics and drug resistance 0.52 0.33

27. Lung functioning and body weight 0.49 0.32

25. Routine of chest physiotherapy 0.47 0.36

2. Need to do chest physiotherapy 0.47 0.42

6. Lung transplants 0.45 0.46

11. Medications for drying up mucus 0.42 0.36

13. Use of masks to deliver nebulized medication 0.41 0.18

3. Proper nutrition and progression of lung disease 0.38 0.38

5. Recommendation of face-to-face socialization 0.37 0.34

4. Importance of aerobic exercise 0.26 0.24

30. Safety of face-to-face socialization 0.23 0.27

29. Amount of pancreatic enzyme supplements 0.79 0.57

20. Consume of pancreatic enzyme supplements 0.78 0.57

7. Risk of developing diabetes 0.75 0.54

24. Male infertility 0.70 0.49

28. CF genes 0.58 0.45

18. Use of soluble vitamins 0.56 0.41

21. Genetic screening test 0.52 0.42

22. Vitamin deficiency 0.51 0.54

8. Having a child with CF 0.33 0.34

1. Type of diet 0.73 0.57

23. Pancreatic enzymes and risk of drug resistance 0.60 0.39

16. Calories eaten 0.46 0.43

Eigenvalue 8.73 2.00 1.29

Percentage of explained variance 29.11 6.66 4.29

Cronbach’s alpha 0.86 0.86 0.52

h2: communalities. Notes: a) Extraction method: principal component analysis. B) Rotation Method: Direct Oblimin

with Kaiser Normalization.

https://doi.org/10.1371/journal.pone.0259232.t003
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Similar to the original version [20], the test-retest was performed with students instead of

CF patients and showed no differences when applied at two-week intervals. The floor and ceil-

ing effects were moderate, showing the ability of the instrument to detect high and low levels

of CF knowledge, being similar to its original version.

Due to the multidimensional nature of the construct, the validation study of the original

CFKS version performed an exploratory factor analysis, only identifying one factor which

explained 42.2% of the total variance. In the Brazilian CFKS version, 40.06% of the total vari-

ance was explained by three factors, according to the nature of the grouped items. Thus, the

Brazilian version of CFKS has four scores; one total score and the individual scores for each of

the extracted dimensions.

The calculation of the total scale score is performed by the number of correctly answered

items divided by 30. The dimension score “medication, physical therapy and social interac-

tion” is calculated by the number of correctly answered items divided by 18. The dimension

score “gastrointestinal, genetic and reproductive aspects” is performed by the number of cor-

rectly answered items divided by nine. Finally, the “nutritional aspects” dimension score is cal-

culated by the number of correct items divided by three.

Currently, only the Brazilian version of CFKS presents a subclassification and theoretical

interpretation of the dimensions extracted through EFA and with an acceptable CFA fit

model. The identification of different dimensions will enable health professionals to verify

which dimension may be the knowledge gap of CF individuals with greater precision. This

identification will make it possible to relate knowledge gaps about the disease with health out-

comes such as treatment adherence, disease exacerbation and quality of life. Moreover, educa-

tional interventions may be directed to the needs of each individual in order to obtain

satisfactory results in the clinical control of CF patients. Current studies have highlighted the

importance of knowledge about the disease to increase treatment adherence [11–13, 43], and

thereby reduce the number of hospitalizations and increase the life expectancy of people with

CF [3, 8, 9, 44].

As hypothesized, the samples in this study presented different knowledge levels about CF,

confirming the predictive validity of the Brazilian version of CFKS [45]. Health professionals

in the original study obtained higher scores, followed by participants with CF. However, the

authors did not describe which categories of health professionals responded to the instrument.

The lack of this information prevented a more accurate comparative analysis on the knowledge

level of health professionals in both cultural contexts.

The items with the lowest hit percentage in the group of participants with CF were related

to the use of nebulized medications, positioning during respiratory physiotherapy and drug

resistance. Meanwhile, the lowest hit rate in the group of professionals was observed in the

items related to treatment, genetics and social interaction. These aspects raise the need for ade-

quacy in training health professionals in Brazil in order to deepen the knowledge about CF,

and from this be able to offer increasingly early diagnosis and appropriate treatments. In addi-

tion, these professionals need to be able to deliver quality educational interventions to patients

and their families [46].

Regarding the concurrent validity, participants with CF who had greater adherence to treat-

ment obtained higher scores on knowledge of the disease in the original CFKS version [20].

On the other hand, our study did not identify this relationship. It is necessary to interpret this

data with caution, since the scale used in our study to assess treatment adherence was an inval-

idated instrument, adapted by Dalcin et al. (2009) [28]. Thus, the instrument may not have

adequate psychometric properties to assess adherence construct. There are no scales available

in Brazil to assess patient adherence to CF treatment. We believe that this gap should not exist,
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considering the coexistence between knowledge, adherence and efficacy in treating CF patients

[11, 12].

Regarding the discriminant validity assessment, the findings of the present study support

those observed in the validation study of the original CFKS version [20], as both studies

showed a significant correlation between the asthma knowledge scale and the CFKS. In addi-

tion to participants with asthma, the original study compared the knowledge of participants

with COPD using a COPD knowledge scale and CFKS. Participants with COPD were not eval-

uated in the present study, as there is no Portuguese validated instrument to assess this

construct.

This study evaluated a large population of CF participants from the Northeast, Midwest,

South and Southeast of Brazil. These patients represented different economic classes, marital

statuses and education levels. However, the study was limited to applying questionnaires

through an online platform, which may have limited the participation of patients without

internet access. The lack of treatment adherence scales for CF participants and COPD knowl-

edge translated and validated in Portuguese was limited, but did not prevent reproducing the

psychometric property evaluation process to be similar to the original study.

Although the CFKS was developed for CF participants, it can be used to assess and promote

the knowledge of health professionals in Brazil. Even with the neonatal screening test imple-

mented in all countries, which evaluates the presence of CF, patients in our study were diag-

nosed with CF at an average age of nine years old. This data draws attention when compared

with the average time of diagnosis observed in Europe and North America, which are 3.6

months and 3 years, respectively [47, 48]. Health professionals’ lack of knowledge about the

disease contributes to a late CF diagnosis, compromising patients’ survival.

In conclusion, the translation process, cross-cultural adaptation and evaluation of psycho-

metric properties indicated that the Brazilian CKFS version is able to provide valid and reliable

measures for evaluating CF knowledge in the current cultural context. Therefore, this study

has relevance to clinical practice and scientific research, and may help in both training health

professionals and to improve self-knowledge of CF participants. In general, the Brazilian

CFKS will enable knowledge screening in terms of crucial aspects for disease management that

are lacking. Also, this instrument may be an important tool in decision-making processes,

especially during educational interventions and when planning or implementing public poli-

cies for this population.

Supporting information

S1 Appendix. Brazilian version of CFKS.

(DOCX)

S2 Appendix. Absolute and relative frequency of correct answers from the Brazilian ver-

sion of the Cystic Fibrosis Knowledge Scale (CFKS) by group, total, and scale dimension.

(DOCX)

S1 Data.

(XLSX)

Acknowledgments

To translators, experts and volunteers for their collaboration. To the United For Life Institute

(Instituto Unidos Pela Vida), Rio de Janeiro, Regional Nursing Council, Gaucha Muscoviscido-

sis Assistance Association (Associação Gaúcha de Assistência à Muscoviscidose—AGAM),

Edilma Silva and Maria da Apresentação Eugênia for publicizing and supporting the research.

PLOS ONE Brazilian version of the Cystic Fibrosis Knowledge Scale (CFKS)

PLOS ONE | https://doi.org/10.1371/journal.pone.0259232 November 16, 2021 12 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259232.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259232.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0259232.s003
https://doi.org/10.1371/journal.pone.0259232


Author Contributions

Conceptualization: Karolinne Souza Monteiro, Smita Pakhale.

Formal analysis: Karolinne Souza Monteiro, Thayla Amorim Santino.

Methodology: Karolinne Souza Monteiro, Thayla Amorim Santino, Smita Pakhale, Louise

Balfour, Karla Morganna Pereira Pinto de Mendonça.

Supervision: Karla Morganna Pereira Pinto de Mendonça.

Validation: Karolinne Souza Monteiro.

Writing – original draft: Karolinne Souza Monteiro.

Writing – review & editing: Thayla Amorim Santino, Smita Pakhale, Louise Balfour, Karla

Morganna Pereira Pinto de Mendonça.

References
1. Sanders DB, Fink AK. Background and Epidemiology. Pediatr Clin North Am. 2016; 63(4):567–84.

https://doi.org/10.1016/j.pcl.2016.04.001 PMID: 27469176

2. Alexander S, Alshafi K, Anderson A-K, Balfour-Lynn I, Bentley S, Buchdahl R, et al. Clinical Guidelines:

Care of Children with Cystic Fibrosis. Royal Brompton Hospital ( 7th edition) 2017. www.rbht.nhs.uk/

childrencf (cited 07 february 2017). 2017.

3. Athanazio RA, Silva Filho LVRF da, Vergara AA, Ribeiro AF, Riedi CA, Procianoy E da FA, et al. Brazil-

ian guidelines for the diagnosis and treatment of cystic fibrosis. J Bras Pneumol. 2017 Jun; 43(3):219–

45. https://doi.org/10.1590/S1806-37562017000000065 PMID: 28746534

4. Radtke T, Sj N, Hebestreit H, Kriemler S. Physical exercise training for cystic fibrosis (Review).

Cochrane Database Syst Rev. 2017;(11).

5. Sawicki GS, Ren CL, Konstan MW, Millar SJ, Pasta DJ, Quittner AL. Treatment complexity in cystic

fibrosis: Trends over time and associations with site-specific outcomes. J Cyst Fibros. 2013; 12(5):461–

7. https://doi.org/10.1016/j.jcf.2012.12.009 PMID: 23352205

6. Ohn M, Fitzgerald DA. Question 12: What do you consider when discussing treatment adherence in

patients with Cystic Fibrosis? Paediatr Respir Rev. 2018; 25:33–6. https://doi.org/10.1016/j.prrv.2017.

04.002 PMID: 28625493

7. Mikesell CL, Kempainen RR, Laguna TA, Menk JS, Wey AR, Gaillard PR, et al. Objective Measurement

of Adherence to Out-Patient Airway Clearance Therapy by High-Frequency Chest Wall Compression in

Cystic Fibrosis. Respir Care. 2017; 62(7):920–7. https://doi.org/10.4187/respcare.05349 PMID:

28424226

8. Narayanan S, Mainz JG, Gala S, Tabori H. Expert Review of Respiratory Medicine Adherence to thera-

pies in cystic fibrosis: a targeted literature review. Expert Rev Respir Med [Internet]. 2017; 11(2):129–

45 https://doi.org/10.1080/17476348.2017.1280399 PMID: 28107795

9. Quittner AL, Zhang J, Marynchenko M, Chopra PA. Pulmonary Medication Adherence and Health-care

Use in Cystic Fibrosis. Chest. 2014; 146(1):142–51. https://doi.org/10.1378/chest.13-1926 PMID:

24480974

10. Koocher GP, McGrath ML GL. Typologies of nonadherence in cystic fibrosis. J Dev Behav Pediatr.

1990; 11(6):353–8. PMID: 2289970

11. Naqvi AA, Hassali MA, Aftab MT NM. A qualitative study investigating perceived barriers to medication

adherence in chronic illness patients of Karachi, Pakistan. J Pak Med Assoc. 2019; 69(2):216–23.

PMID: 30804587

12. Awwad O, Akour A, Al-Muhaissen S MD. The influence of patients’ knowledge on adherence to their

chronic medications: a cross-sectional study in Jordan. Int J Clin Pharm. 2015; 37(3):504–10. https://

doi.org/10.1007/s11096-015-0086-3 PMID: 25708124

13. Miller TA. Health literacy and adherence to medical treatment in chronic and acute illness: A meta-anal-

ysis. Patient Educ Couns. 2016; 99(7):1079–86. https://doi.org/10.1016/j.pec.2016.01.020 PMID:

26899632

14. Chomik S, Klincewicz B, Cichy W. Disease specific knowledge about cystic fibrosis, patient education

and counselling in Poland. Ann Agric Environ Med. 2014; 21(2):420–4. https://doi.org/10.5604/1232-

1966.1108617 PMID: 24959802

PLOS ONE Brazilian version of the Cystic Fibrosis Knowledge Scale (CFKS)

PLOS ONE | https://doi.org/10.1371/journal.pone.0259232 November 16, 2021 13 / 15

https://doi.org/10.1016/j.pcl.2016.04.001
http://www.ncbi.nlm.nih.gov/pubmed/27469176
http://www.rbht.nhs.uk/childrencf
http://www.rbht.nhs.uk/childrencf
https://doi.org/10.1590/S1806-37562017000000065
http://www.ncbi.nlm.nih.gov/pubmed/28746534
https://doi.org/10.1016/j.jcf.2012.12.009
http://www.ncbi.nlm.nih.gov/pubmed/23352205
https://doi.org/10.1016/j.prrv.2017.04.002
https://doi.org/10.1016/j.prrv.2017.04.002
http://www.ncbi.nlm.nih.gov/pubmed/28625493
https://doi.org/10.4187/respcare.05349
http://www.ncbi.nlm.nih.gov/pubmed/28424226
https://doi.org/10.1080/17476348.2017.1280399
http://www.ncbi.nlm.nih.gov/pubmed/28107795
https://doi.org/10.1378/chest.13-1926
http://www.ncbi.nlm.nih.gov/pubmed/24480974
http://www.ncbi.nlm.nih.gov/pubmed/2289970
http://www.ncbi.nlm.nih.gov/pubmed/30804587
https://doi.org/10.1007/s11096-015-0086-3
https://doi.org/10.1007/s11096-015-0086-3
http://www.ncbi.nlm.nih.gov/pubmed/25708124
https://doi.org/10.1016/j.pec.2016.01.020
http://www.ncbi.nlm.nih.gov/pubmed/26899632
https://doi.org/10.5604/1232-1966.1108617
https://doi.org/10.5604/1232-1966.1108617
http://www.ncbi.nlm.nih.gov/pubmed/24959802
https://doi.org/10.1371/journal.pone.0259232
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