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Abstract:

Introduction: Optimizing the management of chronicity has been one of the global challenges for decades.
Individuals with Long-Term Conditions (LTCs) and their families live with them for years. Thus, it is
necessary to include both of their perspectives in the management and adaptation of the interventions
proposed. The psychometric properties of the scale of living with LTCs from the perspective of the family
caregiver are unknown. The objective of the present study is to describe the psychometric properties of
the EC-PC-Fam in a Spanish-speaking population.

Methods: An observational, cross-sectional study was performed with a re-test with part of the sample.
The fit of the model was optimized with a factorial analysis, and the psychometric properties were
verified.

Results: A sample of 311 caregivers was recruited, with most of them being women (68.2%), with a mean
age of 58.29 + 9.91 years (range: 32-84 years). The initial version did not obtain acceptable fit scores. To
improve the fit, different versions were tested, refining the distribution of the items until optimization
was reached in V.10 (19 items). Cronbach’s alpha was 0.81 for the scale as a whole. The ICC was 0.77. The
EC-PC-Fam scale is strongly inversely correlated with a scale that measures the burden of the caregiver
(rs=-0.46), and moderately related with the HRQOF (r,=0.373) and social support (r,=0.38).

Conclusions: The EC-PC-Fam scale from family perspective is defined as a promising tool for promoting
personalized care and for optimizing the management of LTCs, and a new approach including family
caregivers is proposed for clinical practice. The scale is an instrument with a moderate fit and optimum
psychometric properties to measure living with LTCs from the perspective of a family caregiver. New
validation studies are recommended to verify the fit of the proposed factorial solution.

Keywords: Living with Long-Term Conditions; Factor Analysis Test Items; family caregiver; validation,
psychometric properties; tool.
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e Thisvalidation study used an observational and cross-sectional design, with retesting in a fraction
of the sample.

e The sample size is a strength.

e  Most psychometric properties, including confirmatory factor analysis, were analysed.

e The sample represented a non-heterogeneous population.

Background

The care of individuals with Long-Term Conditions (LTCs) is one of the most important challenges that
health systems worldwide are facing, and the epidemiological projections for the incoming decades
suggest that the prevalence of most of the LTCs will increase (1-3). Optimizing the management of LTCs
is a priority for all healthcare systems, as LTCs cause the highest number of disabilities, deaths, and
consumption of resources (4-7).

The World Health Organization (WHOQO) defines LTCs as a long-term, slow progressing process that requires
the continuous and lasting care of an individual (8). The impact of LTCs is accentuated by the increasingly
frequent condition of a person with a complex or multi-pathological condition (1,2). One in three adults
lives with more than one LTCs, increasing the load of the disease and the associated costs. The ratio of
individuals with more than four LTCs will double between 2015 and 2035 in some parts of the world (1,9).
According to the report published by the WHO (7), heart diseases, diabetes, and dementia, are the three
diseases that produce the most deaths worldwide. However, these do not only cause many deaths, but
also result in many different disabilities in people, resulting in the greatest loss of healthy years of life. For
example, the combination of heart disease, diabetes, stroke, lung cancer, and COPD resulted in the loss
of more than 100 million years of healthy life in 2019, as compared to the year 2000 (10). The disability
produced by LTCs is not only suffered by the people who are sick, but also their nearest surroundings (11—
14).

Families and patients live with LTCs for many years, then becoming a family matter (11-14). Long-term
care is provided over extended periods of time by family (15). A family caregiver is considered a non-
professional person who provides primary assistance with activities of daily living, either in part or in
whole, towards a dependent person in his/her immediate circle (15,16). The family environment is the
place where the disease arises and is managed, and therefore, the function of the family is key in the
provision of care (11). Up to 80% of the long-term care in Europe is provided by informal caregivers
(12,16). Likewise, 38.9 million adults have been taking care of another adult in 2019 in the USA, with 1 out
of 5 Americans being caregivers (17). Thus, it is essential to understand and assess not only how patients
live with LTCs, but their family as well, as both experience the adjustment process (18).

Following an in-depth review of the literature (18—20), living with LTCs from the perspective of the patient
and the family member is a process of transition, in which the individual must learn how to live with the
changes produced by the disease day by day (18-20). In other words, the concept of living with LTCs in
understood as a complex, cyclical, dynamic, and constantly changing process that affects every person in
every area of life (21). This phenomenon affects both patients and family caregivers, and has an impact in
both their lives, so that it is necessary to include both perspectives in the tools that can be used in clinical
practice (18,22). Currently, there are many difficulties in determining how family caregivers live with it,
their process, and the impact it has, beyond the information provided by classical instruments utilized
with family caregivers that measure burden, level of stress and anxiety, or quality of life, among others.
Notwithstanding, no instrument has been found that allows measuring how family caregivers live with
the LTCs (18,22). This gap in the literature suggests that there is a strong need to create a new instrument
to measure living with LTCs from the perspective of family caregivers (23). A previous study adapted the
living with chronic processes scale (EC-PC) to the family caregiver (EC-PC-Fam) (23). However, a validation
study of its psychometric properties was not conducted. The objective of this study is to present the
psychometric properties of the EC-PC-Fam for family caregivers in a Spanish-speaking population (23).

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salfojouyoal Jejiwis pue ‘Bulurel |y ‘Buiuiw elep pue 1xal 0] pale|al sasn 1o} Buipnjoul ‘1ybliAdoo Ag paloaloid

* (s3gv) Inaladns juswaublaosug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Methods

Design and setting of the study

An observational, cross-sectional study was performed with a re-test with part of the sample (24). The
study was conducted in different private health and social-health centers located in the province of
Valencia, who provided care to individuals with LTCs.

Participants

The target population of the present study were family caregivers of individuals diagnosed with at least
one LTC. The following inclusion criteria were applied: (a) being an adult older than 18 years of age living
in Spain, (b) being a family caregiver of a person diagnosed with at least one LTC, (c) being a family
caregiver of an individual whose language is Spanish, or with sufficient knowledge to be able to complete
the questionnaire. The exclusion criteria were: (a) being an informal caregiver who is paid for the services
provided, and (b) being a family caregiver of institutionalized individuals.

Sampling and sample size

Convenience sampling was performed based on participant accessibility (25), and included individuals
who met the previously described inclusion criteria. For this, family members who attended the social-
health center and met the inclusion criteria were invited to participate.

With respect to the adequate sample size needed to perform a validation study, making an exact initial
estimation is very complex, as numerous factors intervene that must be considered (26,27). Nevertheless,
it seems that the recommendation is unanimous in that sample sizes greater than 100 are needed for
estimating correlations and factorial analyses (26,27). In order to verify the most adequate sample size,
the G-Power® tool was utilized, which provided a minimum of 262 participants needed, for an effect size
of 0.62, and an alpha of 0.05, and a power of 0.95. Likewise, a minimum of 45 participants for the re-test
was indicated. In addition, following the most common recommendations for performing a factorial
analysis (28), at least 10 subjects per item of the final scale were used.

Patients and public Involvement

Before conducting the present study, an adaptation protocol was implemented that included the direct
participation of the target population, through a pilot study comprised of a qualitative phase, through the
use of cognitive interviews, and a quantitative phase (23). The result of this phase is detailed in a previous
study (23) and allowed improving the proposal through the elimination of some items, modifying others,
and even re-considering some difficult concepts. Opinions and suggestions from the Patient and Public
Involvement (PPI) group were analyzed, which helped eliminate potential barriers from different profiles
(social and health professional, researchers and family caregivers). The participation of the people part of
the PPl group was voluntary and non-paid.

Variables
The primary variable is living with LTCs.

In addition, sociodemographic data were collected (i.e. age, sex, or marital status) and historical data of
the situation of the individual with the LTCs and the family caregiver (i.e. number of hours spent on the
care, having a respite care). Additionally, to establish correlations and associations with the degree of
living with LTCs that would allow validating the instrument, health-related quality of life (HRQOL), burden
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of the caregiver, and perceived social support variables were included. All the variables were completed
by the family caregiver of a person with an LTCs.

Self-reported Instruments

Living with LTCs scale from the perspective of the family caregiver (EC-PC-Fam). This is an
instrument adapted from the original EC-PC (29-31). The adaptation process of the instrument
and prior pilot study have been previously described in detail (23). This initial version, has 31
items and 5 domains: 1. Acceptance, 2. Coping, 3. Self-management, 4. Integration, and 5.
Adaptation. All the items are answered with a Likert scale of 5 points, from never or none (0) to
always and much (4), except for the items from the acceptance domain, which must be inverted
to obtain results such as never or none (4) or always or much (0). The range of scores is 0 to 155,
and a higher score indicates more positive living with LTCs.

The 5-level EQ-5D version (EQ-5D-5L) is an instrument designed to generically measure HRQOL,
which can be used by both a healthy population and an individual with pathologies. The
instrument developed by the EUROQOL group (32) has been validated in many countries,
including Spain (33,34). There are different versions, and in the present study, the EQ-5D-5L was
selected due to the increase in the specificity of the responses as compared to the EQ-5D-3L. It
is a self-administered instrument in which individuals assess their own health, first in a
descriptive manner for each of the dimensions (mobility, personal care, every day activities,
pain/discomfort, and anxiety/depression), with five levels, from 0 to 5, and then with a more
general visual analogical scale (VAS). For the Spanish context, the psychometric properties of the
EQ-5D-5L scale were analyzed in patients (35) with the results showing the following: reliability
0.86. The present project obtained approval from the EUROQOL group (Registration number
45231) for its authorized use.

WHODAS 2.0. This measurement will be used to verify the relationship between the degree of
Disability of the patient and living with LTCs in the family caregiver. This scale was designed by
the WHO to measure the degree of disability (36) and is useful for the LTCs context (37). It is
available it 12-item or 36-item versions in three different forms of administration: administered
by an interviewer, by the person itself, or by a representative. For the present work, the 12-item
version was selected, as it provided 81% of the variance of the 36-item version, with adequate
psychometric properties in the Spanish context (38). With respect to how it is administered, the
version completed by a representative was selected, who in this case would be the family
caregiver. A number of 1 (none) to 5 (extreme, cannot do it) is assigned to each answer, for a
final score between 12 and 60, in which higher scores indicate a greater degree of disability. The
scale obtained an internal consistency of 0.98 and test-retest reliability of 0.98.

Zarit Test. This scale is included to verify the external validity (divergent validity) of the EC-PC-
Fam. This scale, originally named Caregiver Burden Interview, is designed to assess the burden of
caregivers of individuals with dementia, from the general theory of the items (39)). It is composed
of 22 items that evaluate the negative repercussions on specific areas of daily life associated with
caregiving: physical health, psychological health, social activities, and economic resources. As
opposed to the original, the version validated in Spain (40) includes a 5-point Likert scale, for a
total score that ranges from 22 to 110. In this study, different cut-off points are proposed: from
22 to 46, without burden; from 47 to 55, with burden; and from 56 to 110, intense burden. The
scale obtained an internal consistency of 0.91 and test-retest reliability of 0.96.

DUKE UNC Functional Social Support Questionnaire (DUKE). This measurement will be used to
verify the relationship between social support and living with LTCs (41). This self-completed tool
provides a generic measurement in order to assess the perceived social support. It is composed
of 11 items related with the availability of other people to offer help to another, skills in social
relations, and emphatic and emotional communication. The items are scored from 1 (less support
than desired) to 5 (all the support | desire). In agreement with the validation to Spanish study, it
is a valid and reliable scale for assessing the perceived social support (42). In the Spanish
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validation, a cut-off point was utilized at the 15 percentile, which corresponded to a score <32.
A score equal to or greater than 32 indicates normal support, while less than 32 indicates a low
social support perceived. Also, the scale has a specific validation study with family caregivers,
which increases its adequacy for the present study (43). The scale obtained an internal
consistency of 0.89 and test-retest reliability of 0.92.

Data collection

The data collection took place between February and November 2023, in different private social-health
centers with the participation of family caregivers of people with LTCs, in Spain.

An ad hoc protocol was designed to ensure homogeneity and rigor in the data collection process Through
all the centers (44). After obtaining consent from those in charge of each participating center, the protocol
was explained to each of the individuals who contributed in the data collection. For this, necessary initial
face-to-face and online meetings were scheduled during the entire data collection process. The
completion of the questionnaires was similar for all family caregivers of people with LTCs who
participated, and the estimated time was 30 minutes. Data collection was conducted at the centers, with
participants completing the survey through self-reporting methods.

To obtain information on one of the essential characteristics of the tools, such as the stability of the
measurement when it is applied at different moments in time, the completion of the EC-PC-Fam scale was
repeated 10-15 days after the first completion. The individuals who expressed their desire to continue to
collaborate in future phases of the study left their contact information on the survey document and were
contacted posteriorly. In this second assessment, the EQ-5D-5L scale was included to have available
another additional measurement that allowed the non-observation of large differences in the HRQOL of
the participants with respect to the initial point in time. In the retest phase, a total of 50 participants were
included, who accepted to participate.

Ethics approval and consent to participate

The study was ethically approved by the University of Valencia (Ref. 1648640757145), and also has a
favorable “Impact Evaluation Report” issued by the Organic Law on Data Protection (OLDP) department
of said entity (UV-INV_ETICA-1936963), as personal data were going to be included in the study. At the
same time, the necessary permits were obtained to carry out the project. To safeguard the privacy of the
participants' data, they were informed orally and in writing about the study, by providing an information
letter and an informed consent form through which the nature of the study was explained, their voluntary
participation in it, and the confidentiality of the data obtained in accordance with the OLDP /2018. All
procedures performed were managed confidentially and adhered to the ethical standards established in
the 1964 Helsinki Declaration and its later amendments.

Data analysis

The data were transcribed to an Excel database, and cleaned and analyzed in SPSS (SPSS Statistics for
Windows, V.25.0., IBM) and R (RStudio version 2023.06.1; Build 524; psych package for the confirmatory
analysis). Following the recommendations for the development of instruments (45), to determine the
sociodemographic characteristics of the sample and the characteristics related with the process of living
with LTCs, descriptive analyses were utilized (measurements of central tendency, frequency, and
proportions). For the psychometric properties, the main standard definitions have been previously
reviewed (46,47).

e Acceptability
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The quality and acceptability of the data were considered adequate if the missing data were <5%, the
floor-ceiling effect was <15%, and the asymmetry within the -1 to +1 interval (26).

e Reliability

The reliability of the instrument included aspects such as internal consistency, stability, or the
measurement error (47). The internal consistency is understood as the degree of inter-relation between
the items (47). To determine it, correlations and Alpha values were determined, for the scale as a whole
and for each of the items separately. The standard criteria were adequate, with inter-item values >0.20
and £0.75, corrected item-total r > 0.40 and homogeneity coefficient of the items r > 0.30, and Cronbach’s
a >0.70. Additionally, the reliability, understood as the reproducibility of the results (46), was measured
considering the Cohen’s weighted Kappa criteria (r>0.21), the intraclass correlation coefficient (ICC 20.60),
the standard error of the mean (SEM), and precision (SEM <1/2SD).

e Validity

The validity of the domain includes three measurements, content validity, validity of the construct, and
validity of the criteria (47). The content validity of the EC-PC-Fam was broadly described in the previous
phase of scale adaptation through the participation of experts in the development of the items proposed
(23). The validity of the construct includes, at the same time, the structural validity, the transcultural
validity, and the proof of the hypothesis (47). In this sense, there are different proofs of the hypothesis,
such as convergent and discriminant validities, and known groups. The structural validity was proven
through an exploratory factor analysis (EFA) and a confirmatory factor analysis (CFA) in order to confirm
the existing sub-scales (26,47). The reference values for these analyses are included in Table 1 at
Supplementary Material. The structural validity was measured through the correlation between domains
(r>0.30-0.70); for the convergent validity, an association hypothesis was posed between the EC-PC-Fam
and similar (DUKE, EQ-5D-5L) or divergent (Zarit, WHODAS 1.0) constructs; for the discriminant validity, a
hypothesis was made with weak values (r,<0.20) with different constructs. In addition, for the discriminant
validity (magnitude of the difference and significance) for known groups (47) the data were grouped and
the statistical tests Kruskal-Wallis and Mann-Whitney U were utilized.

Results

Sample characteristics

A total of 311 family caregivers participated in the study, with most of them being women (68.2%), with
a mean age of 58.29 + 9.91 years (range: 32-84 years). Of the sample, 65.6% were married, employed
(36.7%), living in an urban environment (69.8%), and the relationship was most frequently being a spouse
(46.9%). In most of the cases, the time dedicated to the care of a family member was around 10 to 20
hours per week (30.2%), they did not have a respite care (66.6%), or a reference nurse (72.3%). As for the
degree of disability of the person with the LTCs, it was 34.9 + 13.85 (range: 11-59 points). Supplemental
Table 2 shows the most relevant demographic and social characteristics.

Suitability of the data:

After the transcription of the items, 6 lost or missing data were detected that were random, i.e. sporadic
missing data completely by chance, which comprised <5% of the total data (specifically, 1.9%). To
homogenize the sample, the missing data were completed artificially with the method of simple
imputation, more specifically, the substitution with the mean (26).

The first results obtained from the EC-PC-Fam scale did not provide good values with respect to the
reliability of the scale as a whole (Cronbach’s alpha = 0.50); or according to domain (only the adaptation
domain showed an optimum Cronbach’s alpha). This was also true for the variance explained (44.26%),
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or with respect to the corrected correlation between elements, as 38.7% (12/31) of them were <0.30.
Thus, to find a model with a better fit, a Factorial Analysis was performed of the items of the Test, including
an EFA and a CFA, following the criteria established by Ferrando et al., (26).

Suitability of the sample:

To perform the EFA to identify latent values, and the CFA to verify the hypothesized structure (27), the
sample was randomly divided into two sub-groups through the creation of a new variable in SPSS with the
function “RV.UNIFORM(0,1)”. Once the random variables were generated, the sample was divided into
two equal parts, selecting half of the cases based on these random values. After dividing the sample into
two equal parts, one of them was utilized to perform the EFA, while the other as reserved for the CFA.
The number of participants was considered sufficient in each sub-sample (27), as well as adequate, with
the minimum recommendation being 5 participants per item for each of the analyses (48,49). This division
allowed us to explore the structure and relationships between variables in an independent sample before
confirming the findings in the second sample, thus increasing the robustness and validity of the results
obtained in the research study.

Factorial Analysis of the EC-PC-Fam:

With respect to the common variance of EC-PC-Fam, the result of the Kaiser-Meyer-Olkin test
(KMO=0.699) indicated a moderate suitability of the data (50), which justified a Factorial Analysis of the
items to determine their adequate grouping (26).

The first EFA and CFA results showed that according to the data analyzed, the suitable model was a
proposal composed of 9 factors that represented a total of 71% of the variance. The initial version
analysed provided non-acceptable values with respect to the fit (see Supplemental Table 3), and the
composition of the items and their factors. Therefore, a process was started to refine it to achieve the
greatest fit possible. For this, and considering the complexity, uniqueness, MSA, and anti-image
correlations (AIC) criteria, different items were discarded throughout the process, and after each
elimination, the model was again verified until acceptable fit values in V.10 were reached. Supplemental
Table 4 explains the main reasons for eliminating the items from each version.

The V.10. EC-PC-Fam of the scale was composed by 19 items grouped into 5 factors. All the factors were
within the range of standards established with respect to complexity, uniqueness, MSA, and AIC, and the
communalities were >0.6, with all the factorial loads of the 19 items within the established criteria. In
general, the last version showed an adequate factorial fit. When comparing the different standard criteria
defined to determine the fit among the different versions, an improvement was observed in the results
related with the fit values in the last proposal, as shown in Supplemental Table 2. This version ultimately
represented 68.44% of the variance. Although this specific result slightly deteriorated compared to the
earlier version tested, it remains within an acceptable range (27) .

Once the model with the best fit was found (v.10.), the psychometric properties of the new instrument
created were determined.

Metric properties of the EC-PC-Fam: V.10 with 19 items.
Quiality and acceptability of the data

The validity was adequate, although 6 missing or lost data were detected that were random in nature, so
that these missing data were due to chance and completely sporadic (26). They comprised <5% of the
total sample, more specifically, 1.9%. To homogenize the sample, as indicated in the previous section, the
missing data were completed with the method of simple imputation, by substituting the missing data with
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the mean (26). With respect to acceptability, 2 of the items did not encompass the complete possible
range of scores (14 and 29). The difference between the mean and the median was found to be higher
than 10% in 10 items (1, 2, 4, 9, 15, 17, 19, 22 and 30). Eight of the items showed asymmetry results that
were slightly out of range (-1 to +1). The items did not show a floor effect, but the ceiling effect was above
the established range. The normality tests were not significant, according to the Shapiro-Wilk and
Kolmogorov-Smirnov tests for the total scores; the items and the factors did not have a normal
distribution, so that non-parametric tests were performed for the sample as a whole.

Internal consistency

The Cronbach’s alpha coefficient was 0.809 for the total scale, and all the factors were found within the
range established as a standard (see Table 1), except for the factor self-management, which obtained a
result of 0.595.

Table 1. Internal consistency results EC-PC-Fam.

FACTORS Cronbach’s alpha coefficient Homogeneity of the items coefficient
ACCEPTANCE 0.816 0.56
COPING 0.743 0.72
SELF-MANAGEMENT 0.595 0.65
INTEGRATION 0.712 0.43
ADJUSTMENT 0.862 0.78

The corrected item-total correlation varied between 0.372 and 0.730, being found within the established
range for all the items. The inter-item correlation values oscillated between 0.23 and 0.7; all the values
were adequate according to the range established, except for items 15 and 28.

Reproducibility or Stability (test-retest)

Atotal of 50 family caregivers participated in the re-test, by completing the questionnaire once again after
7 to 10 days. Most of them were women (80%), with a mean age of 56.25 + 16.65 years, residing in an
urban environment. The most common family relationships were child (46%) and spouse (32%). Kappa's
coefficient for all the factors was found to be between low-moderate, the ICC was higher than 0.60, and
the SEM lower than % SD for all the factors, as shown in Table 2.

Table 2. Test-retest stability by factors.

Factors Ka;')pfa Icct SEM? | % SD3
coefficient

ACCEPTANCE 0.483 0.634 0.38 1.34
COPING 0.360 0.714 0.33 1.15
SELF-MANAGEMENT 0.360 0.610 0.26 0.92
INTEGRATION 0.270 0.610 0.29 1.01
ADJUSTMENT 0.371 0.752 0.70 2.46
EC-PC-Fam Total 0.294 0.774 1.02 3.06

1ICC: Intraclass Correlation Coefficient. 2SEM: Standard Error of Measurement. 3% SD: half standard deviation.

Construct validity:

As Table 3 shows, the results of the structural (or internal) validity of the scale show that only some of the
factors had correlation coefficients above the minimum established (r,=0.3-0.70). Nevertheless, despite
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having a low degree of association between some of the factors, most of the results were statistically
significant.

Table 3 Internal validity of the EC-PC-Fam: Spearman correlations.

SELF-

Factors COPING MANAGEMENT INTEGRATION | ADJUSTMENT
ACCEPTANCE 0.165** 0.426** 0.084 0.188**
COPING - 0.326** 0.256** 0.254**
SELF- - - 0.19 0.14*
MANAGEMENT
INTEGRATION - - - .539%*

*p<0.05, **p<0.01, ***p<0.001

With respect to the convergent validity, the results that showed that the highest correlations in the total
scores of the EC-PC-Fam were positively observed with the DUKE scale (r.=0.384**), and negatively with
the Zarit scale (r,=-0.464**), with a moderate correlation observed in both results, as expected (see Table
7). Additionally, it must be underlined that the total result of the EC-PC-Fam was significantly and
positively correlated with the Index of Health (r,=0.373**) and negatively with the degree of disability (r.=
-0.246%**), as expected.

The factors Coping and Adjustment obtained moderate-strong correlations with the Zarit scale (rs=-
0.437** and -0.311**, respectively). The factor Adjustment was moderately correlated with the Duke
scale (rs=0.370**) and with the Index of health “today” (r,=0.379**).

The correlation of the Ec-PC-Fam with the domains of the EQ-5D-5L obtained moderate significant values
with the EQ-5D-1 (r,=0.351**) and weak ones with the EQ-5D-3 (r,=0.293**). Individually, the factors
Integration and Adjustment showed a moderate significance with the EQ-5D-5L (rs= -0.352** and
0.467**), one negatively and the other positively, respectively.
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With respect to the discriminant validity, an association was established for known groups (see Table 5),
showing that the EC-PC-Fam scale was significantly different according to the hours dedicated to
caregiving (Kruskal-Wallis test, p=<0.001), with a higher score obtained in the EC-PC-Fam, the lower the
number of hours of daily dedication. A similar result was found with respect to having a reference nurse
(Kruskal-Wallis test, p=0.001), with the family caregivers who had a reference nurse available at the health
center obtaining higher scores. On the other hand, having a respite care showed a significant difference
as compared to not having it (Kruskal-Wallis test, p=<0.001). No significant differences were found with
respect to sex, marital status, or employment of the family caregivers.

Additionally, it must be pointed out that significant differences were found with the states defined as
burden in the Zarit scale (Kruskal-Wallis test, p=<0.001), with the participants with a burden or intense
burden obtaining a lower score in the EC-PC-Fam degree of living. The relationship between the different
levels of burden was verified with post hoc tests, which showed significant differences between the
groups without burden and those with moderate to intense burden (Dunett test, p=<0.001), although
these differences were not significant between the groups with a burden.

Likewise, significant differences were observed with respect to the levels determined by the DUKE scale
(Mann-Whitney U test, p=<0.001), with the family caregivers with a low perceived social support, the ones
who obtained a lower result in the global score of the EC-PC-Fam (Z=2.96, p=<0.001).

Table 5. Discriminant validity of the EC-PC-Fam for known groups.

Variable Categories Mean | SD | Frequency p-value
Less than 10 hours per week 57.71 | 7.89 53
Hours of Between 10 and 20 hours per week 54.15 | 7.46 94 Kruskal-Wallis test,
dedication =<0.001
Every day, at least 8h. 52.03 | 11.9 79 P
24 h a day 50.19 | 9.9 85
Yes, with help from Social services 52.11 | 12.1 39
Yes, | pay for it 57.46 | 9.04 56
Respit Kruskal-Wallis test,
espite care Yes, with the help from the Association to p=<0.001
) 60.22 | 7.56 9
which | belong
No 51.82 | 9.22 207
Yes, at the Health Center 58.44 | 8.08 35
Reference Yes, at the reference hospital 49.77 | 8.57 31 Kruskal-Wallis test,
nurse Yes, at the Association to which | belong 56.5 | 6.9 20 p=<0.001
No 52.47 | 10.1 225
Less than 6 months ago. 50.72 | 8.77 36
Period of time Between 6 months and two years. 52.81 | 7.25 72 Kruskal-Wallis test,
since diagnosis Between 2 and 5 years. 56.7 | 10.5 123 p=<0.001
More than 5 years ago. 48.84 | 9.18 77
No burden 58.97 | 7.63 111
Zarit Levels Burden 48.59 | 8.22 34 Kruskal-Wallis test,
p=<0.001
Intense burden 50.19 | 9.61 166
Perceived social support: Low 48.68 | 13.5 53 Mann-Whitney U
Duke Levels L 1
Perceived social support: Normal 54.07 | 8.6 258 test; p=<0.00
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Discussion

Most of the psychometric properties of the EC-PC-Fam Scale showed optimum results. The CFA did not
support the original structure of the scale, but the ultimate model of EC-PC-Fam scale (V.10) was achieved
showing a moderate global fit and significantly greater in all the criteria observed with respect to the
previous versions. This version ultimately represented 68.44% of the variance, it remains within an
acceptable range (27). In general terms, the factorial solution proposed for the EC-PC-Fam includes 5
domains and 19 items and is a validated instrument that can be used to measure the degree of living with
LTCs from the perspective of the family caregiver.

The acceptability of the data was considered adequate. As for the internal validity, despite the fact that
only some of the factors had a strong association between them, most of the results were statistically
significant. The weakest correlations were found in domain integration, specifically along with acceptance
(0,084) and self-management (0,019). This finding coincides with similar results found in living with an
LTCs from the perspective of the patient (51). These results, although they must be interpreted with
caution and be revised in future studies to verify this association trend, could indicate inadequate
acceptance leads to poorer results in other domains, despite all the domains being necessary for positively
living with LTCs. Therefore, demonstrating acceptance seems to be a key aspect in the process of living
with an LTCs, a result that agrees with those found by Atefi et al., (52), and is directly related with anxiety
or depression of family caregivers (52).

The results of the convergent validity were expected, verifying the starting hypothesis. The EC-PC-Fam
showed strong correlations with the self-perceived Health Index (included in the EQ-5D-5L scale), as well
as the perceived Social support measured through the DUKE scale. The results obtained with respect to
perceived social support are similar to recent studies conducted with family caregivers (53-55),
reinforcing, through this study, that support networks are essential for living with LTCs, from the
perspective of the family caregiver. Likewise, the strong negative correlation between living with LTCs and
caregiver burden is worth discussing. The experience of caregiving for an individual with LTCs is associated
with a decline in one's functional capacity affecting physical and mental health (15). The inadequate
financial resources, multiple responsibility conflict, lack of social engagement, and the physical and
emotional burden of caregiving for someone with LTCs can lead to increased stress, fatigue, and a lack of
time for self-care (56,57), consequently exacerbating the challenges of living with LTCs. Despite the
numerous initiatives in clinical practice found in the literature to mitigate caregiver burden, the present
study suggests a novel invitation for healthcare professionals to explore interventions that improve living
with LTCs as a whole (or some of its domains) to positively influence the burden of the caregiver,
constituting a conceptual leap for interventional and implementation studies and practice initiatives in
primary care.

With respect to the known groups results, the participants who dedicated more time to caring, without a
respite care, without a carer support nurse, and who had been living with LTCs for less than 6 months or
more than 5 years, experienced worse living with LTCs (overall scores). These results are similar to those
found by other researchers (58) and could indicate that, in addition to the already known attributes such
a gender (9,15,59), there are specific warning characteristics that must be considered by health and social
care professionals. These aspects should be addressed when assessing the living with LTCs and follow-up
needs, prioritising support interventions with family caregivers who fit the profile in community settings.

Although there is evidence of interventions with family caregivers targeting some of the domains of living
with LTCs, such as self-management or coping (60—63), this is not a comprehensive approach considering
that living with LTCs is multifactorial (18). Thus, measuring tools should help health and social care
professionals assess the overall state of living with LTCs, to later plan and monitor interventions from
different angles that favor a positive experience of living with LTCs, providing the necessary family focus
without taking away from consultation time if the family caregiver, for example, completes it before the
consultation. This finding is congruent with other studies conducted, which concluded that there is a need
to include elements specific to the family caregiver in multi-component interventions destined to people
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with LTCs (64). Therefore, based on the results obtained, we believe that the EC-PC-Fam scale could be
utilized as a Patient Reported Outcome Measure (PROM), complementary to other tools utilized to assess
HRQOL of family caregivers, as it is recommended (14,65-68). On the other hand, the results of the
association between the EC-PC-Fam and perceived social support further advocate the hypothetical
relationship between these variables. Just as we find in a person with LTCs (51), it is possible that
proposals that mobilize and optimize the use of community resources, and increase the personal and/or
social support networks can have a positive influence on living with LTCs, from the perspective of the
family caregiver as it has been demonstrated in previous research with carers experiencing high levels of
burden (51,69-72). This finding is congruent with numerous studies, which underline social support as a
fundamental element in the management of chronicity (53,55,63,68,73).

Our study and new tool are considered a “game changer” in the management of LTCs and associate
guidelines and policy (14,15,59,74,75). For many decades, the needs of family caregivers of people with
LTCs have been excluded in the management and handling of LTCs (14). The availability of a new tool
could favor the desired policy change to the approach to multimorbidity, towards a caregiving or family
approach centered on the person and not on the pathology. As a result, the effective integration of the
family in the management of multimorbidity could revolutionize clinical practice capability, training of
professionals and upskilling, resulting in modifications in the dynamics in LTCs consultations.
Incorporating family care in the management of multimorbidity is to support them to evolve as a partner,
an ally in the caregiving process. This element must be integrated through assessments, referrals, and
follow-ups. Therefore, the use of this tool in clinical practice could be the breakthrough of a new paradigm
to explore in the care of multimorbidity, in which both the person with LTCs and the family caregiver play
a key role. This innovative approach, based on the person, suggests the critical review of the current
social-health policies, and calls on stakeholders to promote the integration of the family caregiver as
another component when addressing chronicity.

The strengths of this study are the methodological process followed to reach the most adequate factorial
solution, according to the good practices described in the Decalogue (26), and how the optimum results
in most of the psychometric properties analyzed in the EC-PC-Fam provide robustness to the proposal
presented. Moreover, the use of the EC-PC-Fam in clinical practice proposes a new model in the
management of chronicity. This new model considers the family caregiver not only as an active partnerin
the delivery of health and social care in LTCs, but also as a recipient of care. In fact, our findings advocate
for the re-consideration of social-health policies to include the family caregiver, to evolve towards person-
centered care.

In the interpretation of the results from the present work, some limitations must be considered. Firstly,
all the centers used for data collection were private, which could introduce bias according to the
socioeconomic status of the families and other regions in Spain. Future studies must include different
public centers to promote the homogeneous social representation of the included participants. Secondly,
the ill-fit of the initial scale proposed (V.6.EC-PC-Fam) demanded the performance of different
modifications to improve the fit. Firstly, through the exploration of the items through an EFA, and in
parallel to the confirmation of the structure and the relationship between the items and the factors
through a CFA. To perform this verification, the sample was divided into two subsamples composed of
155 and 156 participants, respectively. Despite both samples including more than 100 participants and at
least 5 participants per item (the minimum needed), we believe that future studies must perform new
confirmatory analyses of the EC-P-Fam to further verify the adequacy of the proposed factorial solution
(26).

Conclusions
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The EC-PC-Fam scale emerges as a promising tool for promoting personalized care for optimizing the
management of LTCs, proposing a new model to explore in clinical practice that includes the family
caregiver in the management of multimorbidity.

After the fitting was performed, the EC-PC-Fam scale showed satisfactory psychometric properties. Future
validation studies are recommended with a broader sample that includes other socioeconomic contexts
in order to increase the robustness of the findings. With caution, and considering the limitations
discussed, the scale can be used in clinical practice in pilot studies to enhance the experience of family
caregivers of people with LTCs.
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EFA: Exploratory Factorial Analysis
CFA: Confirmatory Factorial Analysis.

EC-PC-Fam: Living with chronic processes scale for family caregiver (due to its Spanish name)
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Supplementary Table 1. Values extracted from the Decalogue for the Factor Analysis of the Items of a

Test (Ferrando et al., 2022) and criteria taken into consideration in the present study.

Decalogue

1. Suitability of data and
sample

2. Calculation of Univariate
Descriptive Statistics.

3. Justification of the
analysis.

4. Selection of analyzable
items.

5. Decide the type of factorial
model.

6. Choose the most
appropriate factorial
solution.

7. Parameter estimation.

Actions

Review missing data (<5%)
and sample size.

Study the variance, so that the
homogeneity of the responses
is indicated.

Correlations to estimate the
bivariate relationship
between items. Skewness and
kurtosis indices.

Estimate whether the
common variance justifies the
analysis. KMO.

Use measurements of item
adequacy: (least squares
factor analysis (Measure of
Sample Adequacy, MSA), anti-
image correlations  (AIC),
uniqueness, communality and
complexity.

Linear or non-linear.

Define the most appropriate
factorial solution.

Define the parameters used

Criteria
Missing data <5%. Types lost.

Sample size >200

Variance >0,6%
Asymmetry and kurtosis (-1 a +1).

Correlations.

KMO>0.75 highly recommended.
KMO>0.6 moderately recommended.
KMO<0.6 not recommended

MSA: Values <0.5 not acceptable.
AIC 20.30 eliminate one of the two.
Uniqueness: <0.7

Communality: >0.3

Complexity: 2 factors maximum.

The non-linear model: samples are medium or
small (<200), the number of categories is
relatively high (5 points or more), most of the
items have medium positions (position
coefficients between 0.4 and 0.6, or asymmetry
coefficients in the interval between -1 and +1)
and inter-item correlation values below 0.4.

FA: Varimax rotation with Kaiser normalization.
Extraction method: principal components.
Followed by the Kaiser criterion (>1) for
Eigenvalues.

CFA Estimator: Maximum likelihood. NLMINB
optimizer (without restriction of nonlinear
functions).
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Assess the degree of fit of the
data, the clarity of the

8. Suitability of the factorial
Hitabliity of the factorla solution obtained, and the

solution. L
precision of the scores
obtained.
9. Evaluate the substantive Evaluate content and its
coherence of the model. suitability.

Factor loadings. Assess those
10. Final version of the test. “marker” items, with a very
high weight in the factors

Re-analyze

1. RMSR: <0.05 good fit, <0.01 reasonable, <0.1
moderate.

2. TLI or CFI. Values close to 1 good fit, >0.90
optimum

3. RMSEA <0.08 good fit.

Substantive coherence.

Marker Items: high communality.
Eliminate, incoherent, complex:
e  Communality <0.1.
e  Redundant: AIC

e Noise: MSA. Index between 0-1.
Values <0.5 not acceptable.

Based on Ferrando, P. J., Lorenzo-Seva, U., Hernandez-Dorado, A., & Muiiiz, J. (2022). Decélogo para el Analisis Factorial de los
ftems de un Test. Psicothema (Oviedo), 34(1), 1-11. https://doi.org/10.7334/PSICOTHEMA2021.456
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Supplemental Table 2. Sociodemographic and historical characteristics of the situation of the family
caregiver in the sample.

oNOYTULT D WN =

. . Results Percentage
Variable Response options =311
Age | 58.29 £ 9.91 years (range 32-84)

Male 99 31.8%

Gender Female 212 68.2%
Single 62 19.9% o
Marital status | Married 204 65.6% §
Living with a partner 29 9.3% i‘%
Widower 16 5.1% ]
Basic (mandatory education) 88 28.3% g
Level of education | Secondary (High school) 68 21.9% o
University 106 34.1% §
Vocational Training 49 15.8% é
Unemployed 60 19.3% =
Employment | Freelance 42 13.5% "5
Employed 114 36.7% g
Retired 95 30.5% [
Environment where Rura.I (pop. <2 500) 44 14.1% é
you live Semi-rural (pop. between 2 501- 10 50 16.1% 3
000) c
Urban (pop. >10 000.) 217 69.8% §
<10 h/ week 53 17.0% 3
Hours of dedication | Between 10 and 20 h / week 94 30.2% )
to care | Every day, at least 8h 79 25.4% o
24 hours a day 85 27.3% g
Length of time after < 6 months 36 11.6% ‘:‘5
diagnosis of the Between 6 months and 2 years 72 23.2% g
g. Between 2 and 5 years 125 40.2% S
family member > 5 years 77 24.8% 2
Own chronic | No 204 65.6% g*
pathology | Yes 107 34.4% 3
Yes, Health Center 35 11.3% g
Ref Yes, at the Hospital 31 10.0% @
eterence nurse Yes, at the Patient’s association 20 6.4% >
No 225 72.3% g
Yes, with help from Social security 39 12.5% =)
Yes, | paid for it 56 18.0% a
Respite care | Yes, with help from the association | 9 2.9% )
belong to o
No 207 66.6% Q.
Spouse 145 46.9% i
Parent 28 9.0% %
Child 91 29.3% @
. .| Sibling 22 7.1% =4
Type of Relationship Other family member 21 6.8% g
Best friend 4 1.3% ‘g.
Professional caregiver 0 0% n

Other 0 0%

0 260 83.6%

. . 1 36 11.6%

Hospital admittance > n T3%

3 11 3.5%

Chronic pathology of | Only one LTC 107 34.4%

the person | More than one LTC 204 65.6%
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LIVING WITH LONG TERM CONDITIONS: VALIDATION OF A NEW INSTRUMENT FOR FAMILY
CAREGIVERS IN A SPANISH-SPEAKING POPULATION. SUPPLEMENTAL MATERIAL.

Supplemental Table 3. Main suitability values of the factorial solution for each version of the EC-PC-Fam

analyzed.
Initial
VALUE CRITERIAL Version V.7. EC-PC- V.8. EC- V.9. EC- V.10. EC-
Fam PC-Fam PC-Fam PC-Fam
(v.6)
Root Mean Square .
Error of <0.05 good fit;
o A X <0.01 reasonable; 0.126 0.132 0.139 0.135 0.1
pproximation <0.1 moderate
(RMSEA)
Com ive Fi Values close to 1
parative Fit d fi 0.561 0.599 0.629 0.658 0.75
Index (CF1) good fit.
. . The lower it is, the
Bayesian Information better fit 132376.69 11266.67 10092.87 9166.12 7864.24
Criterion (BIC) ’
Tucker Lewis Index 4 94 6 51imum 0.482 0.536 0.568 0.602 0.70
(TLI)
VARIANCE
>609 76.2 76.67 70.54 . 44
EXPLAINED 60% 6.26 6.6 0.5 65.8 68
Root Mean Squared <0.08 good fit. 0.126 0.119 0.129 0.123 0.10
Residual (RMSR)
Supplemental Table 4. Iltem elimination process for scale fitting.
EC-PC-Fam ITEM ELIMINATED | MAIN REASON FOR ELIMINATION
ITEM 5 Negative values, h2 (communality).
V.7. EC-PC-Fam ITEM 10 High complexity
ITEM 21 Eliminated according to MSA<O.5 criteria
ITEM 26 AFI: High complexity.
ITEM 8 CFA: CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
V.8. EC-PC-Fam CFA: Low factor loading in all factors. Standardized Adjusted Factor
ITEM 13 .
Loading (Std.all < 0.5).
ITEM 12 Regrouping and Substantive Incoherence
ITEM 6 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
ITEM 11 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
V.9. EC-PC-Fam
ITEM 18 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
ITEM 27 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
V.10. EC-PC-Fam ITEM 31 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
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LIVING WITH LONG TERM CONDITIONS: VALIDATION OF A NEW INSTRUMENT FOR FAMILY
CAREGIVERS IN A SPANISH-SPEAKING POPULATION

Patricia Marin-Maicas 12
Leire Ambrosio 3

Silvia Corchén?

Jesls Gonzalez Moreno 2
Mari Carmen Portillo 3

1. Faculty of Nursing and Chiropody, University of Valencia, 46010 Valencia, Spain. silvia.corchon@uv.es

2. Faculty of Health, Valencian International University, 46002 Valencia, Spain; patricia.marin.m@
professor.universidadviu.com; jesus.gonzalezm@professor.universidadviu.com

3. NIHR ARC Wessex, School of Health Sciences, University of Southampton, Southampton SO17 1BJ, UK;
L.Ambrosio-Gutierrez@soton.ac.uk; M.C.Portillo-Vega@soton.ac.uk

* Correspondence: silvia.corchon@uv.es

Abstract:

Introduction: Optimizing the management of chronicity has been a global challenge for decades.
Individuals with Long-Term Conditions (LTCs) and their families live with them for years. Thus, it is
necessary to include both of their perspectives in the management and adaptation of the interventions
proposed. The psychometric properties of the living with LTCs scale from the perspective of the family
caregiver are unknown. The objective of the present study is to describe the psychometric properties of
the EC-PC-Fam in a Spanish-speaking population.

Methods: An observational, cross-sectional study was performed with a re-test with part of the sample.
The fit of the model was optimized with a factorial analysis, and the psychometric properties were
verified.

Results: A sample of 311 caregivers was recruited. Most of them were women (68.2%), and had a mean
age of 58.29 + 9.91 years (range: 32-84 years). The initial version did not obtain acceptable fit scores. To
improve the fit, different versions were tested, refining the distribution of the items until optimization
was reached in V.10 (19 items). Cronbach’s alpha was 0.81 for the scale as a whole. The ICC was 0.77. The
EC-PC-Fam scale is strongly and inversely correlated with a scale that measures the burden of the
caregiver (rs=-0.46), and moderately related with the Health-Related Quality of (HRQOF) (r,=0.373) and
social support (rs=0.38).

Conclusions: The EC-PC-Fam scale from a family perspective is defined as a promising tool for promoting
personalized care and for optimizing the management of LTCs, and a new approach that includes family
caregivers is proposed for clinical practice. The scale is an instrument with a moderate fit and optimum
psychometric properties to measure living with LTCs from the perspective of a family caregiver. New
validation studies are recommended to verify the fit of the proposed factorial solution.

Keywords: Living with Long-Term Conditions; Factor Analysis Test Items; family caregiver; validation,
psychometric properties; Spanish-speaking population tool.
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Strengths and limitations

e Thisvalidation study used an observational and cross-sectional design, with retesting in a fraction
of the sample.

e The sample size is a strength.

e  Most psychometric properties, including confirmatory factor analysis, were analysed.

e Limitation: The sample represented a non-heterogeneous population.

Background

The care of individuals with Long-Term Conditions (LTCs) is one of the most important challenges faced
by health systems worldwide are facing, and the epidemiological projections for the incoming decades
suggest that the prevalence of most of the LTCs will increase (1-3). Thus, optimizing the management of
LTCs is becoming a priority in healthcare systems, as LTCs cause the highest number of disabilities, deaths,
and consumption of resources (4-7).

The World Health Organization (WHO) defines LTCs as a long-term, slow progressing processes that
requires the continuous and lasting care of an individual (8). The impact of LTCs is accentuated by the
increasingly frequent condition of a person with a complex or multi-pathological condition (1,2). One in
three adults lives with more than one LTC, increasing the burden of the disease and its associated costs.
The ratio of individuals with more than four LTCs will double between 2015 and 2035 in some parts of the
world (1,9). According to the report published by the WHO (7), heart diseases, diabetes, and dementia,
are the three diseases that produce the most deaths worldwide. However, these do not only cause many
deaths, but also result in many different disabilities in people, resulting in the greatest loss of healthy
years of life. For example, the combination of heart disease, diabetes, stroke, lung cancer, and COPD
resulted in the loss of more than 100 million years of healthy life in 2019, as compared to the year 2000
(10). The disability produced by LTCs is not only experencied by the people who are ill, but also their
nearest surroundings (11-14).

Families and patients live with LTCs for many years, which becomes a family matter (11-14). Long-term
care is provided over extended periods of time by family (15). A family caregiver is considered a non-
professional person who provides primary assistance with activities of daily living, either in part or in
whole, towards a dependent person in his/her immediate circle (15,16). The family setting is the place
where the disease arises and is managed and therefore, the function of the family is key in the provision
of care (11). Up to 80% of the long-term care in Europe is provided by informal caregivers (12,16).
Likewise, 38.9 million adults have been taking care of another adult in 2019 in the USA, with 1 out of 5
Americans being caregivers (17). Thus, it is essential to understand and assess not only how patients live
with LTCs but their family too, as both experience the adjustment process (18).

Following an in-depth review of the literature (18—20), living with LTCs from the perspective of the patient
and the family member has been identified as a process of transition, in which the individual must learn
how to live with the disease related changes on a daily basis (18-20). In other words, the concept of living
with LTCs in understood as a complex, cyclical, dynamic, and constantly changing process that affects
every person in every area of life (21). This phenomenon impacts both patients and family caregivers lives,
which means that clinical assessments tools need to capture both perspectives (18,22). Currently, there
are many difficulties in determining how family caregivers live with LTCs and how they experience the
adjustment process, especially when most existing instruments measure quality of life, stress and anxiety,
or burden. Notwithstanding, no instrument has been found that allows measuring how family caregivers
live with LTCs (18,22). This gap in the literature suggests that there is a strong need to create a new
instrument to measure living with LTCs from the perspective of family caregivers (23). This study is
enhancing our understanding of the individual management of LTCs by providing a novel instrument that
captures the perspective of the caregiver through the adjustment process.
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In a previous study we published ...A previous study adapted the living with chronic illness scale (EC-PC)
to the family caregiver (EC-PC-Fam) (23). The initial hypothesis posits that the family caregiver-adapted
version of the EC-PC (EC-PC-Fam®) is a valid and reliable instrument for measuring living with LTCs in
family caregivers. Additionally, we seek to address the following questions: Will the results from the EC-
PC-Fam® show a positive correlation with higher scores on health-related quality of life scales?
Conversely, will the results from the EC-PC-Fam® demonstrate a negative correlation with higher scores
on caregiver burden scales? With this purpose in mind, the objective of this study is to present the
psychometric properties of the EC-PC-Fam for family caregivers in a Spanish-speaking population (23) and
validate the instrument.

Methods

Design and setting of the study

An observational, cross-sectional study was performed with a re-test with part of the sample (24). The
study was conducted in three different private health and social-health centres located in the province of
Valencia, who provided care to individuals with LTCs.

Participants

The target population of the present study were family caregivers of individuals diagnosed with at least
one LTC. The following inclusion criteria were applied: (a) being an adult older than 18 years of age living
in Spain, (b) being a family caregiver of a person diagnosed with at least one LTC, (c) being a family
caregiver of an individual whose language is Spanish, or with sufficient knowledge to be able to complete
the questionnaire. The exclusion criteria were: (a) being an informal caregiver who is paid for the services
provided, and (b) being a family caregiver of institutionalized individuals.

Sampling and sample size

Convenience sampling was performed based on participant accessibility (25), and included individuals
who met the previously described inclusion criteria. For this, family members who attended the social-
health centre and met the inclusion criteria were invited to participate.

With respect to the adequate sample size needed to perform a validation study, making an exact initial
estimation is very complex, as numerous factors intervene that must be considered (26,27). Nevertheless,
it seems that there is a unanimous recommendation for sample sizes to be greater than 100 are needed
for estimating correlations and factorial analyses (26,27). In order to verify the most adequate sample
size, the G-Power® tool was utilized, which pointed to the need for a minimum sample size of 262
participants needed, for an effect size of 0.62, and an alpha of 0.05, and a power of 0.95. Likewise, a
minimum of 45 participants for the re-test was indicated. In addition, following the most common
recommendations for performing a factorial analysis (28), at least 10 subjects per item of the final scale
were sought.

Patients and public Involvement

Before conducting the present study, an rigorous and comprehensive adaptation protocol was
implemented that included the direct participation of the target population, through a pilot study
comprised of a qualitative phase, through the use of cognitive interviews, and a quantitative phase (23).
The result, which detailed in a previous study (23) , allowed improving the proposal through the
elimination of some items, the modification of others, and even the re-consideration of some difficult
concepts. The opinions and suggestions from the Patient and Public Involvement (PPl) group were
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analysed, which helped eliminate potential barriers from different profiles (social and health professional,
researchers and family caregivers). The participation of the individuals who were part of the PPI group
was voluntary and non-paid.

Variables
The primary variable was living with LTCs.

Sociodemographic data were collected (i.e. age, sex, or marital status), as well as and historical data of
the situation of the individual with LTCs and the family caregiver (i.e. number of hours spent on the care,
having a respite care). Additionally, to establish correlations and associations with the degree of living
with LTCs that would allow validating the instrument, health-related quality of life (HRQOL), burden of
the caregiver, and perceived social support variables were included. All the variables were completed by
the family caregiver of a person with one or more LTCs.

Self-reported Instruments

- Living with LTCs scale from the perspective of the family caregiver (EC-PC-Fam). This is an
instrument adapted from the original EC-PC (29-31). The adaptation process of the instrument
and prior pilot study have been previously described in detail (23). This initial version, has 31
items and 5 domains: 1. Acceptance, 2. Coping, 3. Self-management, 4. Integration, and 5.
Adaptation. All the items follow a Likert scale of 5 points answer system, from never or none (0)
to always and much (4), except for the items from the acceptance domain, which must be
inverted to obtain results such as never or none (4) or always or much (0). The scores range from
0 to 155, with a higher score indicating more positive living with LTCs.

- The 5-level EQ-5D version (EQ-5D-5L) is an instrument designed to generically measure HRQOL,
which can be used by both a healthy population and an individual with pathologies. The
instrument developed by the EUROQOL group (32) has been validated in many countries,
including Spain (33,34). Different versions can be found, and in the present study, the EQ-5D-5L
was selected due to the increase in the specificity of the responses as compared to the EQ-5D-
3L. It is a self-administered instrument in which individuals assess their own health, first in a
descriptive manner for each of the dimensions (mobility, personal care, every day activities,
pain/discomfort, and anxiety/depression), with five levels, from 0 to 5, and then with a more
general visual analogical scale (VAS). For the Spanish context, the psychometric properties of the
EQ-5D-5L scale were analyzed in patients (35) with the results indicating reliability of 0.86. The
present project obtained approval from the EUROQOL group (Registration number 45231) for its
authorized use.

- WHODAS 2.0. This measurement will be used to verify the relationship between the degree of
Disability of the patient and living with LTCs in the family caregiver. This scale was designed by
the WHO to measure the degree of disability (36) and is useful for the LTCs context (37). It is
available in 12-item or 36-item versions, and can be administrated in three different ways: by an
interviewer, by the person itself, or by a representative. For the present work, the 12-item
version was selected, as it provided 81% of the variance of the 36-item version, with adequate
psychometric properties in the Spanish context (38). With respect to how it is administered, the
version completed by a representative was selected, who in this case would be the family
caregiver. A number of 1 (none) to 5 (extreme, cannot do it) is assigned to each answer, for a
final score ranging from 12 to 60, in which higher scores indicate a greater degree of disability.
The scale obtained an internal consistency of 0.98 and test-retest reliability of 0.98.

- Zarit Test. This scale is included to verify the external validity (divergent validity) of the EC-PC-
Fam. This scale, originally named Caregiver Burden Interview, is designed to assess the burden of
caregivers of individuals with dementia, from the general theory of the items (39)). It has 22
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items that evaluate the negative repercussions on specific areas of daily life associated with
caregiving: physical health, psychological health, social activities, and economic resources. As
opposed to the original, the version validated in Spain (40) includes a 5-point Likert scale, for a
total score that ranges from 22 to 110. In this study, different cut-off points were proposed: from
22 to 46, without burden; from 47 to 55, with burden; and from 56 to 110, intense burden. The
scale obtained an internal consistency of 0.91 and test-retest reliability of 0.96.

- DUKE UNC Functional Social Support Questionnaire (DUKE). This measurement tool was used to
verify the relationship between social support and living with LTCs (41). This self-completed tool
provides a generic measurement in order to assess the perceived social support. It is composed
of 11 items related with the availability of other people to offer help to another, skills in social
relations, and emphatic and emotional communication. The items are scored from 1 (less support
than desired) to 5 (all the support | desire). In agreement with the validation to Spanish study, it
is a valid and reliable scale for assessing the perceived social support (42). In the Spanish
validation study, a cut-off point was utilized at the 15 percentile, which corresponded to a score
<32. A score equal to or greater than 32 indicates normal support, while less than 32 indicates a
low social support perceived. Also, the scale was specifically validated with family caregivers,
which increases its adequacy for the present study (43). The scale obtained an internal
consistency of 0.89 and test-retest reliability of 0.92.

Data collection

The data collection took place between February and November 2023, in three different private health
and social care centre with the participation of family caregivers of people with LTCs, in Spain.

An ad hoc protocol was designed to ensure homogeneity and rigor in the data collection process through
all the centre (44). After obtaining consent from those in charge of each participating centre, the protocol
was explained to each of the individuals who contributed to the data collection. For this, necessary initial
face-to-face and online meetings were scheduled during the entire data collection process. The
completion of the questionnaires was similar for all family caregivers of people with LTCs who
participated, and the estimated time was 30 minutes. Data collection was conducted at the centres, with
participants completing the survey through self-reporting methods.

To obtain information on one of the essential characteristics of the tools, such as the stability of the
measurement when it was applied at different moments in time, the completion of the EC-PC-Fam scale
was repeated 10-15 days after the first completion. The individuals who expressed their desire to continue
to collaborate in future phases of the study left their contact information on the survey document and
were contacted posteriorly. In this second assessment, the EQ-5D-5L scale was included to have available
another additional measurement available that allowed the non-observation of large differences in the
HRQOL of the participants with respect to the initial point in time. In the retest phase, a total of 50
participants were included, who accepted to participate.

Ethics approval and consent to participate

Ethical approval was obtained from the University of Valencia Ethics Committee (Ref. 1648640757145),
and also received a favourable “Impact Evaluation Report” issued by the Organic Law on Data Protection
(OLDP) department of said entity (UV-INV_ETICA-1936963), as personal data were going to be included in
the study. At the same time, the necessary permits were obtained to carry out the project. To safeguard
the privacy of the participants' data, they were informed orally and in writing about the study, by
providing an information letter and an informed consent form through which the nature of the study was
explained, their voluntary participation whitin it, and the confidentiality of the data obtained in
accordance with the OLDP /2018. All procedures performed were managed confidentially and adhered to
the ethical standards established in the 1964 Helsinki Declaration and its later amendments.
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Data analysis

Data were transcribed to an Excel database and cleaned and analysed in SPSS (SPSS Statistics for Windows,
V.25.0., IBM) and R (RStudio version 2023.06.1; Build 524; psych package for the confirmatory analysis).
Following the recommendations for the development of instruments (45), to determine the
sociodemographic characteristics of the sample and the characteristics related with the process of living
with LTCs, descriptive analyses were utilized (measurements of central tendency, frequency, and
proportions). For the psychometric properties, the main standard definitions have been previously
reviewed (46,47).

To assess potential common method bias, Harman's criterion (48) was employed. To mitigate potential
non-response bias, a simple imputation method was applied to the missing data, which constituted less
than 5% of the total dataset.

e  Acceptability

The quality and acceptability of the data were considered adequate if the missing data were <5%, the
floor-ceiling effect was <15%, and the asymmetry was within the -1 to +1 interval (26).

e Reliability

The reliability of the instrument included aspects such as internal consistency, stability, or the
measurement error (47). The internal consistency is understood as the degree of inter-relation between
the items (47). In this sense, correlations and Alpha values were determined for the scale as a whole and
for each of the items separately. The standard criteria were adequate, with inter-item values 20.20 and
<0.75, corrected item-total r 2 0.40, a homogeneity coefficient of the items r > 0.30, and Cronbach’s a
>0.70. Additionally, the reliability, understood as the reproducibility of the results (46), was measured
considering the Cohen’s weighted Kappa criteria (r>0.21), the intraclass correlation coefficient (ICC 20.60),
the standard error of the mean (SEM), and precision (SEM <1/2SD).

e Validity

The validity of the domain includes three measurements, content validity, validity of the construct, and
validity of the criteria (47). The content validity of the EC-PC-Fam was broadly described in the previous
phase of scale adaptation through the participation of experts in the development of the items proposed
(23). The validity of the construct includes, at the same time, the structural validity, the transcultural
validity, and the proof of the hypothesis (47). In this sense, there are different proofs of the hypothesis,
such as convergent and discriminant validities, and known groups. The structural validity was proven
through an exploratory factor analysis (EFA) and a confirmatory factor analysis (CFA) in order to confirm
the existing sub-scales (26,47). The reference values for these analyses are included in Table 1 in the
Supplementary Material. The structural validity was measured through the correlation between domains
(r>0.30-0.70); for the convergent validity, an association hypothesis was posed between the EC-PC-Fam
and similar (DUKE, EQ-5D-5L) or divergent (Zarit, WHODAS 1.0) constructs; for the discriminant validity, a
hypothesis was made with weak values (r;<0.20) with different constructs. In addition, for the discriminant
validity (magnitude of the difference and significance) for known groups (47) data were grouped and the
statistical tests Kruskal-Wallis and Mann-Whitney U were utilized.

Results

Sample characteristics

A total of 311 family caregivers participated in the study. Most of them were women (68.2%), with a mean
age of 58.29 + 9.91 years (range: 32-84 years). Of the sample, 65.6% were married, employed (36.7%),
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living in an urban environment (69.8%), and the relationship was most frequently being a spouse (46.9%).
In most of the cases, the time dedicated to the care of a family member was around 10 to 20 hours per
week (30.2%), they did not have a respite care (66.6%) or a reference nurse (72.3%). As for the degree of
disability of the person with the LTCs, it was 34.9 + 13.85 (range: 11-59 points). Supplemental Table 2
shows the most relevant demographic and social characteristics.

Suitability of the data:

After the transcription of the items, 6 lost or missing data were detected that were random, i.e. sporadic
missing data completely by chance, which comprised <5% of the total data (specifically, 1.9%). To
homogenize the sample, the missing data were completed artificially with the method of simple
imputation, more specifically, the substitution with the mean (26).

The first results obtained from the EC-PC-Fam scale did not provide good values with respect to the
reliability of the complete scale (Cronbach’s alpha = 0.50); or according to domain (only the adaptation
domain showed an optimum Cronbach’s alpha). This was also true for the variance explained (44.26%),
or with respect to the corrected correlation between elements, as 38.7% (12/31) of them were <0.30.
Thus, to find a model with a better fit, a Factorial Analysis was performed of the items of the Test, including
an EFA and a CFA, following the criteria established in 2022 by Ferrando et al. (26).

Suitability of the sample:

To perform the EFA to identify latent values, and the CFA to verify the hypothesized structure (27), the
sample was randomly divided into two sub-groups through the creation of a new variable in SPSS with the
function “RV.UNIFORM(0,1)”. Once the random variables were generated, the sample was divided into
two equal parts, selecting half of the cases based on these random values. After dividing the sample into
two equal parts, one of them was utilized to perform the EFA, while the other as saved for the CFA. The
number of participants was considered sufficient in each sub-sample (27), as well as adequate, with the
minimum recommendation being 5 participants per item for each of the analyses (49,50). This division
allowed us to explore the structure and relationships between variables in an independent sample before
confirming the findings in the second sample, thus increasing the robustness and validity of the results
obtained in the research study.

Factorial Analysis of the EC-PC-Fam:

With respect to the common variance of EC-PC-Fam, the result of the Kaiser-Meyer-Olkin test
(KMO=0.699) indicated a moderate suitability of the data (51), which justified a Factorial Analysis of the
items to determine their adequate grouping (26).

The first EFA and CFA results showed that according to the data analyzed, the suitable model was a
proposal composed of 9 factors that represented a total of 71% of the variance. The initial version
analysed provided non-acceptable fit values with respect to the fit (see Supplemental Table 3), and the
composition of the items and their factors. Therefore, a process was started to refine it, in order to achieve
the greatest fit possible. For this, and considering the complexity, uniqueness, MSA, and anti-image
correlations (AIC) criteria, different items were discarded throughout the process, and after each
elimination, the model was again verified until acceptable fit values in V.10 were obtained. Supplemental
Table 4 explains the main reasons for eliminating the items from each version.

The exploratory factor analysis revealed that the first factor accounted for 22.55% of the variance, which
is below the 50% threshold suggested by Harman to indicate a significant common method bias issue (48).
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The V.10. of the EC-PC-Fam scale was composed by 19 items grouped into 5 factors. All the factors were
within the range of standards established with respect to complexity, uniqueness, MSA, and AIC. The
communalities were >0.6, with all the factorial loads of the 19 items within the established criteria. In
general, the last version showed an adequate factorial fit. When comparing the different standard criteria
defined to determine the fit among the different versions, an improvement was observed in the results
related with the fit values in the last proposal, as shown in Supplemental Table 2. This version ultimately
represented 68.44% of the variance. Although this specific result was slightly deteriorated as compared
to the earlier version tested, it remains within an acceptable range (27) .

Once the model with the best fit was found (v.10.), the psychometric properties of the new instrument
created were determined.

Metric properties of the EC-PC-Fam: V.10 with 19 items.
Quality and acceptability of the data

The validity was adequate, although 6 missing or lost data were detected that were random in nature,
meaning that these missing data were due to chance and completely sporadic (26). They comprised <5%
of the total sample, more specifically, 1.9%. To homogenize the sample, as indicated in the previous
section, the missing data were completed with the method of simple imputation, by substituting the
missing data with the mean (26). With respect to acceptability, 2 of the items did not encompass the
complete possible range of scores (14 and 29). The difference between the mean and the median was
found to be higher than 10% in 10 items (1, 2, 4, 9, 15, 17, 19, 22 and 30). Eight of the items showed
asymmetry results that were slightly out of range (-1 to +1). The items did not show a floor effect, but the
ceiling effect was above the established range. The normality tests were not significant, according to the
Shapiro-Wilk and Kolmogorov-Smirnov tests for the total scores; the items and the factors did not have a
normal distribution, so that non-parametric tests were performed for the total sample.

Internal consistency

The Cronbach’s alpha coefficient was 0.809 for the total scale, and all the factors were found within the
range established as a standard (see Table 1), except for the factor self-management, which obtained a
result of 0.595.

Table 1. Internal consistency results EC-PC-Fam.

FACTORS Cronbach’s alpha coefficient Homogeneity of the items coefficient
ACCEPTANCE 0.816 0.56
COPING 0.743 0.72
SELF-MANAGEMENT 0.595 0.65
INTEGRATION 0.712 0.43
ADJUSTMENT 0.862 0.78

The corrected item-total correlation varied between 0.372 and 0.730, and was found within the
established range for all the items. The inter-item correlation values oscillated between 0.23 and 0.7; all
the values were adequate according to the range established, except for items 15 and 28.

Reproducibility or Stability (test-retest)

A total of 50 family caregivers participated in the re-test, by completing the questionnaire once again after
7 to 10 days. Most of them were women (80%), with a mean age of 56.25 * 16.65 years, residing in an
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urban environment. The most common family relationships were child (46%) and spouse (32%). Kappa's
coefficient for all the factors was found to be between low-moderate, the ICC was higher than 0.60, and
the SEM lower than % SD for all the factors, as shown in Table 2.

Table 2. Test-retest stability by factors.

KAPPA

FACTORS COEFFICIENT icct SEM? | % SD3
ACCEPTANCE 0.483 0.634 0.38 1.34
COPING 0.360 0.714 0.33 1.15
SELF-MANAGEMENT 0.360 0.610 0.26 0.92
INTEGRATION 0.270 0.610 0.29 1.01
ADJUSTMENT 0.371 0.752 0.70 2.46
EC-PC-Fam TOTAL 0.294 0.774 1.02 3.06

1ICC: Intraclass Correlation Coefficient. 2SEM: Standard Error of Measurement. 3% SD: half standard deviation.

Construct validity:

As Table 3 shows, the results of the structural (or internal) validity of the scale indicate that only some of
the factors had correlation coefficients above the minimum established (r,=0.3-0.70). Nevertheless,
despite having a low degree of association between some of the factors, most of the results were
statistically significant.

Table 3 Internal validity of the EC-PC-Fam: Spearman correlations.

SELF-

FACTORS COPING MANAGEMENT INTEGRATION | ADJUSTMENT
ACCEPTANCE 0.165%* 0.426** 0.084 0.188**
COPING - 0.326** 0.256** 0.254**
SELF- - - 0.19 0.14*
MANAGEMENT
INTEGRATION - - - 0.539**

*p<0.05, **p<0.01, ***p<0.001

With respect to the convergent validity, the results indicated high positive correlations in the total scores
of the EC-PC-Fam were positively observed with the DUKE scale (r;=0.384**), and negative ones with the
Zarit scale (rs=-0.464**), with a moderate correlation observed in both results, as expected (all results of
convergent validity are included in Table 5, in the Supplementary Material). Additionally, it must be
underlined that the total result of the EC-PC-Fam was significantly and positively correlated with the Index
of Health (r,=0.373**) and negatively with the degree of disability (r.= -0.246**), as expected.

The factors Coping and Adjustment obtained moderate-strong correlations with the Zarit scale (re=-
0.437** and -0.311**, respectively). The factor Adjustment was moderately correlated with the Duke
scale (rs=0.370**) and with the Index of health “today” (r,=0.379*%*).

The correlation of the EC-PC-Fam with the domains of the EQ-5D-5L obtained moderately significant
values with the EQ-5D-1 (r,=0.351**) and weak ones with the EQ-5D-3 (r,=0.293**). Individually, the
factors Integration and Adjustment showed a moderate significance with the EQ-5D-5L (r.= -0.352** and
0.467**), one negatively and the other positively, respectively.

With respect to the discriminant validity, an association was established for known groups (see Table 4),
showing that the EC-PC-Fam scale was significantly different according to the hours dedicated to
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caregiving (Kruskal-Wallis test, p=<0.001), with a higher score obtained in the EC-PC-Fam, the lower the
number of hours of daily dedication. A similar result was found in relation to having a reference nurse
(Kruskal-Wallis test, p=0.001), with the family caregivers who had a reference nurse available at the health
centre obtaining higher scores. On the other hand, having a respite care showed a significant difference
as compared to not having it (Kruskal-Wallis test, p=<0.001). No significant differences were found in
terms of sex, marital status, or employment of the family caregivers.

Additionally, it must be pointed out that significant differences were found with the states defined as
burden in the Zarit scale (Kruskal-Wallis test, p=<0.001), with the participants with a burden or intense
burden obtaining a lower score in the EC-PC-Fam degree of living. The relationship between the different
levels of burden was verified with post hoc tests, which showed significant differences between the
groups not experiencing burden and those experiencing moderate to intense burden (Dunett test,
p=<0.001), although these differences were not significant between the groups with a burden.

Likewise, significant differences were observed with respect to the levels determined by the DUKE scale
(Mann-Whitney U test, p=<0.001), with the family caregivers with a low perceived social support, the ones
who also obtained a lower result in the global score of the EC-PC-Fam (Z=2.96, p=<0.001).

Table 4. Discriminant validity of the EC-PC-Fam for known groups.

Variable Categories Mean | SD | Frequency p-value
Less than 10 hours per week 57.71 | 7.89 53
Hours of Between 10 and 20 hours per week 54.15| 7.46 94 Kruskal-Wallis test,
dedication p=<0.001
Every day, at least 8h. 52.03 | 11.9 79
24 h a day 50.19 | 9.9 85
Yes, with help from Social services 52.11 | 12.1 39
Yes, | pay for it 57.46 | 9.04 56
Respit Kruskal-Wallis test,
espite care Yes, with the help from the Association to p=<0.001
) 60.22 | 7.56 9
which | belong
No 51.82 | 9.22 207
Yes, at the Health Centre 58.44 | 8.08 35
Reference Yes, at the reference hospital 49.77 | 8.57 31 Kruskal-Wallis test,
nurse Yes, at the Association to which | belong 56.5 | 6.9 20 p=<0.001
No 52.47 | 10.1 225
Less than 6 months ago. 50.72 | 8.77 36
Period of time Between 6 months and two years. 52.81 | 7.25 72 Kruskal-Wallis test
since diagnosis Between 2 and 5 years. 56.7 | 10.5 123 p=<0.001
More than 5 years ago. 48.84 | 9.18 77
No burden 58.97 | 7.63 111
Zarit Levels Burden 48.59 | 8.22 34 Kruskal-Walls test,
p=<0.001
Intense burden 50.19 | 9.61 166
Perceived social support: Low 48.68 | 13.5 53 Mann-Whitney U
Duke Levels o
Perceived social support: Normal 54.07 | 8.6 258 test; p=<0.001
Discussion
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To our knowledge this is the first study reporting on the validation and psychometric properties of an
instrument to measure how family caregivers living with LTCs. Most of the psychometric properties of the
EC-PC-Fam Scale showed optimum results. The CFA did not support the original structure of the scale, but
the latest model of the EC-PC-Fam scale (V.10) was achieved, showing a moderate and significantly greater
global fit in all the criteria observed, with respect to the previous versions. This version, which ultimately
represented 68.44% of the variance, and it remained within an acceptable range (27). In general terms,
the factorial solution proposed for the EC-PC-Fam includes 5 domains and 19 items and is a validated
instrument that can be used to measure the degree of living with LTCs from the perspective of the family
caregiver, verifying the starting hypothesis.

The acceptability of the data was considered adequate. As for the internal validity, despite the fact that
only some of the factors had a strong association between them, most of the results were statistically
significant. The weakest correlations were found in domain integration, specifically along with acceptance
(0,084) and self-management (0,019). This finding coincides with similar results found in living with an
LTCs from the perspective of the patient (52). These results, although they must be interpreted with
caution and be revised in future studies to verify this association trend, could indicate inadequate
acceptance leads to poorer results in other domains, despite all the domains being necessary for positively
living with LTCs. Therefore, demonstrating acceptance seems to be a key aspect in the process of living
with an LTCs, a result that agrees with those found by Atefi et al., (53), and is directly related with anxiety
or depression of family caregivers (53).

The results of the convergent validity were expected, answering the research questions that have been
raised. The EC-PC-Fam showed strong correlations with the self-perceived Health Index (included in the
EQ-5D-5L scale), as well as the perceived social support measured through the DUKE scale. The results
obtained with respect to perceived social support are like those in recent studies conducted with family
caregivers (54-56), reinforcing, through our study, that support networks are essential for better living
with LTCs, also from the perspective of the family caregiver. Likewise, the strong negative correlation
between living with LTCs and caregiver burden is worth discussing. The experience of caregiving for an
individual with LTCs was associated with a decline in one's functional capacity affecting physical and
mental health (15). The inadequate financial resources, multiple responsibility conflict, lack of social
engagement, and the physical and emotional burden of caregiving for someone with LTCs can lead to
increased stress, fatigue, and a lack of time for self-care (57,58), consequently exacerbating the challenges
of living with LTCs. Despite the numerous initiatives in clinical practice found in the literature to mitigate
caregiver burden, the present study suggests a novel invitation for health and social care professionals to
explore interventions that improve the process of living with LTCs (or some of its domains) to positively
influence the burden of the caregiver, constituting a novel approach for interventional and
implementation studies in primary care.

With respect to the known groups results, the participants who dedicated more time to caring, without a
respite care, without a carer support nurse, and who had been living with LTCs for less than 6 months or
more than 5 years, experienced worse living with LTCs (overall scores). These results are similar to those
found by other researchers (59) and could indicate that, in addition to the already known attributes such
a gender (9,15,60), there are specific warning characteristics that must be considered by health and social
care professionals. These aspects should be addressed when assessing the living with LTCs and follow-up
needs, prioritising support interventions with family caregivers who fit the profile in community settings.

Although there is evidence of interventions with family caregivers targeting some of the domains of living
with LTCs, such as self-management or coping (61-64), this is not a comprehensive approach considering
that living with LTCs is multifactorial (18). Thus, measuring tools should become an asset for health and
social care professionals in the assessment of living with LTCs. This could lead to planning and monitoring
interventions from different angles that could foster a positive LTCs management including the carer.
Time restraints in consultations could be eased by asking the carers to complete the scale prior
consultation at home as it is a self-reported instrument. This reflection is congruent with former studies,
which concluded that there is a need to include elements specific to the family caregiver in multi-
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component interventions destined to people with LTCs (65,66). Therefore, based on the results obtained,
we believe that the EC-PC-Fam scale could be utilized as a Patient Reported Outcome Measure (PROM),
complementary to other tools utilized to assess HRQOL of family caregivers, as it is recommended (14,67—
70) solving a decades-long clinical and research gap. On the other hand, the results of the association
between the EC-PC-Fam and perceived social support further advocate the hypothetical relationship
between these variables. Just as we find in a person with LTCs (52), it is possible that proposals that
mobilize and optimize the use of community resources, and increase the personal and/or social support
networks can have a positive influence on living with LTCs, from the perspective of the family caregiver as
it has been demonstrated in previous research with carers experiencing high levels of burden (52,71-74).
This finding is congruent with numerous studies, which underline social support as a fundamental element
in the management of chronicity (54,56,64,70,75).

This study and new tool constitute a “game changer” in the management of LTCs and associated
guidelines and policy (14,15,60,76,77). For many decades, the needs of family caregivers of people with
LTCs have been excluded in the management and handling of LTCs (14). The availability of a new tool
could favour the desired policy change to the approach to multiple long term conditions, towards a
caregiving or family approach centred on the person and not on the pathology. As a result, the effective
integration of the family in the management of multiple long term conditions could revolutionize clinical
practice capability, training of professionals and upskilling, resulting in modifications in the dynamics in
LTCs consultations. Incorporating family care in the management of multiple long term conditions is to
support them to evolve as a partner, an ally in the caregiving process. This element must be integrated
through assessments, referrals, and follow-ups. Therefore, the use of this tool in clinical practice could be
the breakthrough of a new paradigm to explore in the care of multiple long term conditions, in which both
the person with LTCs and the family caregiver play a key role. This innovative approach, based on the
person, suggests the critical review of the current social-health policies, and calls on stakeholders to
promote the integration of the family caregiver as another component when addressing chronicity.

Following this study, the following clinical, research and policy recommendations are proposed: 1)
Individual actions: further work is needed to continue exploring the psychometric properties of the EC-
PC-Fam by integrating a more heterogeneous population and incorporating new variables such as
predictive validity or translating to other language or doing transcultural adaptations. 2) Community
responsabilities: this present study suggests a novel invitation for health and social care professionals to
explore clinical and community interventions aimed at improving the living with LTCs with the goal of
positively influencing caregiver burden. This represents a conceptual leap for intervention and
implementation studies in primary care, voluntary organisations and residential settings. The
incorporation of this element into clinical consultations could lead to a shift in dynamics, focusing not only
on the patient but also on their family members when addressing care for a person with LTCs. 3)Policy
Implications: the use of EC-PC-Fam® in clinical practice introduces a new approach to managing long term
care, recognizing family caregivers as key partners and elements of care. This shift calls for a
reconsideration of health and social care policies to include family caregivers, promoting person-centred
care. Governments and healthcare organizations aim to improve care, reduce costs, and optimize
outcomes, but evidence alone is not enough to change macroeconomic policies (78). All healthcare
stakeholders, including nurses, need to actively promote public health policies that prioritize the
individual and their health. Engaging family caregivers actively in care recognizes their essential role and
provides benefits for both patients, care providers and complex health and social care systems.
Supporting and funding programmes to support family carers with specific needs can benefit health
systems (15,66,71). This approach enhances personalized, patient-centred care and reduces the burden
on caregivers, improving well-being and optimizing healthcare resources.

The strengths of this study are the methodological process followed to reach the most adequate factorial
solution, according to the good practices described in the Decalogue (26), and how the optimum results
in most of the preliminary psychometric properties analysed in the EC-PC-Fam provide robustness to the
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proposal presented. Moreover, the use of the EC-PC-Fam in clinical practice proposes a new model in the
management of chronicity. This new model considers the family caregiver not only as an active partnerin
the delivery of health and social care in LTCs, but also as a recipient of care. In fact, our findings advocate
for the re-consideration of social-health policies to include the family caregiver, to evolve towards person-
centred care. Another strength is found in the active involvement of stakeholders in the design of the tool
(23). Including a small sample of family caregivers in the process of adapting the scale has proven to be
highly beneficial for providing an initial assessment of participants' understanding of the items being
questioned (79).

In the interpretation of the results from the present work, some limitations must be considered. Firstly,
all the centres used for data collection were private, which could introduce bias according to the
socioeconomic status of the families and other regions in Spain. Including only private centres in the study
may introduce selection bias, as private centres typically serve a population with specific
sociodemographic characteristics, such as higher socioeconomic status and privileged access to
healthcare services. This can limit the generalizability of the study's findings, as the results obtained may
differ in more diverse populations. The difference in resources and infrastructure between private and
public centres can influence the quality of care and, consequently, the study's outcomes, making it
necessary to verify this issue in future research. Future studies must include different public centres to
promote the homogeneous social representation of the included participants. Secondly, the ill-fit of the
initial scale proposed (V.6.EC-PC-Fam) demanded the performance of different modifications to improve
the fit. Firstly, through the exploration of the items through an EFA, and in parallel to the confirmation of
the structure and the relationship between the items and the factors through a CFA. To perform this
verification, the sample was divided into two subsamples composed of 155 and 156 participants,
respectively. Despite both samples including more than 100 participants and at least 5 participants per
item (the minimum needed), we believe that future studies must perform new confirmatory analyses of
the EC-P-Fam to further verify the adequacy of the proposed factorial solution (26). Secondly, although
Harman's single-factor test did not indicate a significant common method bias, this approach has
recognized limitations (48). Thirdly, simple imputation used for missing data, while common for low
percentages, may affect the relationships between variables (80). And finally, the lack of analysis of
potential non-response bias, as well as early versus late response bias. The only feedback received from
participants who were offered to participate but declined (3,52%) was ‘no time to respond’ or 'no interest
in responding to yet another survey’. Additionally, bias between early and late responses could not be
calculated, which would have provided valuable insights into potential non-response biases (81). Future
studies could benefit from additional methods for assessing common method bias, advanced techniques
for handling missing data, and strategies for evaluating bias between early and late responses.

Conclusions

The EC-PC-Fam scale emerges as a promising tool for promoting personalized care for optimizing the
management of LTCs, proposing a new model to explore in clinical practice that includes the family
caregiver in the management of multiple long term conditions.

After the fitting was performed, the EC-PC-Fam scale showed satisfactory psychometric preliminary
properties. Future validation studies are recommended with a broader sample that includes other
socioeconomic contexts in order to increase the robustness of the findings. In addition, future studies
should continue to investigate different psychometric properties such as the responsiveness,
interpretability of the questionnaire and the predictive validity of the scale and implementation in clinical
practice.

With caution, and considering the limitations discussed, the scale can be used in clinical practice in pilot
studies to enhance the experience of family caregivers of people with LTCs.
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Auvadilability of data and materials

The data sets used and/or analyzed during the present study are available from the corresponding author
upon reasonable request. All data relevant to the study are included in the article. Only members of the
research team have access to the study data. The complete anonymized data set was shared between the
principal investigator of the study and the research member who provided support to the data analysis.
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CAREGIVERS IN A SPANISH-SPEAKING POPULATION. SUPPLEMENTAL MATERIAL.

Supplementary Table 1. Values extracted from the Decalogue for the Factor Analysis of the Items of a

Test (Ferrando et al., 2022) and criteria taken into consideration in the present study.

Decalogue

1. Suitability of data and
sample

2. Calculation of Univariate
Descriptive Statistics.

3. Justification of the
analysis.

4. Selection of analyzable
items.

5. Decide the type of factorial
model.

6. Choose  the most
appropriate factorial
solution.

7. Parameter estimation.

Actions

Review missing data (<5%)
and sample size.

Study the variance, so that the
homogeneity of the responses
is indicated.

Correlations to estimate the
bivariate relationship
between items. Skewness and
kurtosis indices.

Estimate whether the
common variance justifies the
analysis. KMO?Z.

Use measurements of item
adequacy: (least squares
factor analysis (Measure of
Sample Adequacy, MSA?),
anti-image correlations (AIC3),
unigueness, communality and
complexity.

Linear or non-linear.

Define the most appropriate
factorial solution.

Define the parameters used

Criteria
Missing data <5%. Types lost.

Sample size >200

Variance >0,6%
Asymmetry and kurtosis (-1 a +1).

Correlations.

KMO>0.75 highly recommended.
KMO>0.6 moderately recommended.
KMO<0.6 not recommended

MSA: Values <0.5 not acceptable.
AIC 20.30 eliminate one of the two.
Uniqueness: <0.7

Communality: >0.3

Complexity: 2 factors maximum.

The non-linear model: samples are medium or
small (<200), the number of categories is
relatively high (5 points or more), most of the
items have medium positions (position
coefficients between 0.4 and 0.6, or asymmetry
coefficients in the interval between -1 and +1)
and inter-item correlation values below 0.4.

EFA%  Varimax rotation  with  Kaiser
normalization. Extraction method: principal
components. Followed by the Kaiser criterion
(>1) for Eigenvalues.

CFA> Estimator: Maximum likelihood. NLMINB
optimizer (without restriction of nonlinear
functions).
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8. Suitability of the factorial
solution.

9. Evaluate the substantive
coherence of the model.

10. Final version of the test.

Assess the degree of fit of the
data, the clarity of the
solution obtained, and the
precision of the scores
obtained.

Evaluate content and its
suitability.

Factor loadings. Assess those
“marker” items, with a very
high weight in the factors

Re-analyze

1. RMSR®: <0.05 good fit, <0.01 reasonable, <0.1
moderate.

2. TLI7 or CFI® Values close to 1 good fit, >0.90
optimum

3. RMSEA?<0.08 good fit.

Substantive coherence.

Marker Items: high communality.
Eliminate, incoherent, complex:
e  Communality <0.1.
e  Redundant: AIC1°

e Noise: MSA. Index between 0-1.
Values <0.5 not acceptable.

1. KMO: Kaiser-Meyer-Olkin test. 2. MSA: Measure of Sample Adequacy; 3. AIC: anti-image correlations; 4. EFA:
exploratory factorial analyses. 5. CFA: confirmatory factorial analyses; 6. RMSR: Root mean square residual; 7. TLI:
Tucker—Lewis index; 8. CFl: comparative fit index; 9. RMSEA: root mean square error of approximation; 10. AIC: Akaike

information criterion;

Based on Ferrando, P. J., Lorenzo-Seva, U., Hernandez-Dorado, A., & Muiiiz, J. (2022). Decalogo para el Analisis Factorial de los
items de un Test. Psicothema (Oviedo), 34(1), 1-11. https://doi.org/10.7334/PSICOTHEMA2021.456
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Supplemental Table 2. Sociodemographic and historical characteristics of the situation of the family
caregiver in the sample.

Variable Response options Results Percentage
n=311
Age | 58.29 £9.91 years (range 32-84)

Male 99 31.8%
Gender Female 212 68.2%
Single 62 19.9%
Marital status | Married 204 65.6%
Living with a partner 29 9.3%

Widower 16 5.1%
Basic (mandatory education) 88 28.3%
Level of education | Secondary (High school) 68 21.9%
University 106 34.1%
Vocational Training 49 15.8%
Unemployed 60 19.3%
Employment | Freelance 42 13.5%
Employed 114 36.7%
Retired 95 30.5%
Setting where you Rura.I (pop. <2 500) s 14.1%
live Semi-rural (pop. between 2 501- 10 <0 16.1%

000)

Urban (pop. >10 000.) 217 69.8%
<10 h/ week 53 17.0%
Hours of dedication | Between 10 and 20 h / week 94 30.2%
to care | Every day, at least 8h 79 25.4%
24 hours a day 85 27.3%
Length of time after < 6 months 36 11'6:/°
diagnosis of the Between 6 months and 2 years 72 23.2%
g' Between 2 and 5 years 125 40.2%
family member =0 77 24.8%
Own chronic | No 204 65.6%
pathology | Yes 107 34.4%
Yes, Health Center 35 11.3%
Reference nurse Yes, at the Hospital 31 10.0%
Yes, at the Patient’s association 20 6.4%
No 225 72.3%
Yes, with help from Social security 39 12.5%
Yes, | paid for it 56 18.0%

Respite care | Yes, with help from the association | .
belong to 9 2.9%
No 207 66.6%
Spouse 145 46.9%

Parent 28 9.0%
Child 91 29.3%

. . Sibling 22 7.1%

Type of Relationship Other family member 21 6.8%
Best friend 4 1.3%

Professional caregiver 0 0%

Other 0 0%
0 260 83.6%
. . 1 36 11.6%
Hospital admittance 5 7 3%
3 11 3.5%
Chronic pathology of | Only one LTC 107 34.4%
More than one LTC 204 65.6%

the person
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Supplemental Table 3. Main suitability values of the factorial solution for each version of the EC-PC-Fam

analyzed.

VALUE

Root Mean Square

Error of

Approximation

(RMSEA)

Comparative Fit

Index (CFI)

Bayesian Information

Criterion (BIC)

Tucker Lewis Index

(TL1)

VARIANCE
EXPLAINED

Root Mean Squared

Initial
_ V.7.EC-PC-  V.8.EC-  V.9.EC-  V.10.EC-
CRITERIAL Version Fam PC-Fam  PC-Fam  PC-Fam
(v.6)
<0.05 good fit;
<0.01 reasonable; 0.126 0.132 0.139 0.135 0.1
<0.1 moderate
Values cl 1
alues close to 0.561 0.599 0.629 0.658 0.75
good fit.
The lower it i
eloweritis, the 1. 27660 1126667 1009287 916612  7864.24
better fit.
>0.90 optimum 0.482 0.536 0.568 0.602 0.70
>60% 76.26 76.67 70.54 65.8 68.44
<0.08 good fit. 0.126 0.119 0.129 0.123 0.10

Residual (RMSR)

Supplemental Table 4. Item elimination process for scale fitting.

EC-PC-Fam ITEM ELIMINATED | MAIN REASON FOR ELIMINATION
ITEM 5 Negative values, h2 (communality).
V.7. EC-PC-Fam ITEM 10 High complexity

ITEM 21 Eliminated according to MSA<0.5 criteria
ITEM 26 AFI2: High complexity.
ITEM 8 CFA3: CFA: Standardized Adjusted Factor Loading (Std.all* < 0.5).

V.8. EC-PC-Fam CFA: Low factor loading in all factors. Standardized Adjusted Factor
ITEM 13 .

Loading (Std.all < 0.5).

ITEM 12 Regrouping and Substantive Incoherence
ITEM 6 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
ITEM 11 CFA: Standardized Adjusted Factor Loading (Std.all <0.5).

V.9. EC-PC-Fam
ITEM 18 CFA: Standardized Adjusted Factor Loading (Std.all < 0.5).
ITEM 27 CFA: Standardized Adjusted Factor Loading (Std.all <0.5).

V.10. EC-PC-Fam ITEM 31 CFA: Standardized Adjusted Factor Loading (Std.all <0.5).

1 MSA: Measure of Sample Adequacy; 2 Factorial Items Analyses; 3: Confirmatory Factorial Analyses; 4Std.all=
standardized loadings of the items on each factor.
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Supplemental Table 5. Convergent validity of EC-PC-Fam. 5 2
& 3
EC-PC-Fam Bned
TotaL  HEALTH TODAYDUKE TOTALZARIT TOTALWHODAS TOTALACCEPTANCE COPINGSELF-MANAGEMENTINTEGRATION ADJUSTMENT
[
Mo
DS =S
[77) =]
Correlation Coefficient 1.000 373" .384™ -.464™ -.246™ .514™ 5{%48 = .432™ .666™ 761"
—Q =
=N
EC-PC-Fam TOTAL  gjo (2 tajled) 0.000 0.000 0.000 0.000 0.000 og_og Q 0.000 0.000 0.000
~
N 311 311 311 311 311 311 dFr o 311 311 311
o wno
xcxg
Correlation Coefficient 373%* 1.000 .344%* - 171%* -.215%* 119* 0534'8 % 0.057 .237** .379%*
oo 8_
HEALTH INDEX TODAY gjo (5 tajled) 0.000 0.000 0.003 0.000 0036  0F6F & 0.320 0.000 0.000
D>
N 311 311 311 311 311 311 g]ﬁ?lg 311 311 311
20>
> —
Correlation Coefficient .384" 344" 1.000 -.429" -0.109 A78**  @4r 5 178** .200** .370%*
> =
’ - (Sh
Spearman’sRho  DUKETOTAL  gig (2-tailed) 0.000 0.000 0.000 0.056 0.002 029 3 0.002 0.000 0.000
QJ [—
= o
=}
N 311 311 311 311 311 311 g1 3 311 311 311
@ 3
p o
Correlation Coefficient -.464** -1717 -.429** 1.000 .370%* -.329%* -.ﬁ7**§_ -.121° -.185%* -.311%*
o 3
ZARITTOTAL  gig (2-tailed) 0.000 0.003 0.000 0.000 0.000 0800 3 0.033 0.001 0.000
» O
N 311 311 311 311 311 311 11 S 311 311 311
Correlation Coefficient -.246%* -.215%* -0.109 370%* 1.000 -113*  -285**Q -0.045 0.000 -.266%*
o
5 o
WHODAS 2.0 TOTAL iz (2-tailed) 0.000 0.000 0.056 0.000 0.047 0900 0.433 0.994 0.000
(0]
(7]
N 311 311 311 311 311 311 311 311 311 311
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[
o
4 (Cont. Supplemental Table 5. Convergent validity of EC-PC-Fam) g'- S
5 & 3
6 EC-PC-Fam TOTALHEALTH TODAY DUKE TOTALZARIT TOTALWHODAS TOTAL ACCEPTANCE COPING SELF-RANABEMENT INTEGRATION ADJUSTMENT
c ©
! 7 m3
8 Correlation Coefficient 514%* .119* .178%* -.329%* -113* 1.000 .165%* w.%@* 0.084 .188%*
9 D= D
—Q =
10 ACCEPTANCE iz (2-tailed) 0.000 0.036 0.002 0.000 0.047 0.004 %(ﬁ)@ 0.141 0.001
11 D.?D N
12 N 311 311 311 311 311 311 311 8 311 311 311
13 gwe
14 Correlation Coefficient .564%* 0.042 .124* -.437%* -.285%* .165%* 1.000 - Loy \256%* .254%*
=
15 COPING : : Y=
Sig. (2-tailed) 0.000 0.464 0.029 0.000 0.000 0.004 oGO 0.000 0.000
16 Ty
17 N 311 311 311 311 311 311 311 ; 51375" 311 311
18 5 M3
S
19 Correlation Coefficient A32% 0.057 .178%* -121* -0.045 A26%* .326%* 2 TOg® 0.019 .138*
= ©
20 > =
21 SELF-MANAGEMENT gio (2_tailed) 0.000 0.320 0.002 0.033 0.433 0.000 0.000 = g 0.741 0.015
22 5 2
N 311 311 311 311 311 311 311 3. 310 311 311
23 S 7o
Q@ 3
24 Correlation Coefficient .666%* .237%* .200%* -.185%* 0.000 0.084 .256%* 2008 1.000 .539%*
25 53
(@}
26 INTEGRATION  gis (2-tailed) 0.000 0.000 0.000 0.001 0.994 0.141 0.000 §-0.7§ 0.000
27 = ==
28 N 311 311 311 311 311 311 311 2 313 311 311
29 g c
30 Correlation Coefficient 761%* .379%* .370%* -311%* -.266** .188** .254%* S.13g .539%* 1.000
31 o
o
ADJUSTMENT  gjo (2-tailed) 0.000 0.000 0.000 0.000 0.000 0.001 0.000 = 0.013 0.000
32 é' S
33 N 311 311 311 311 311 311 311 <31 311 311
34 2
* * %k * %k
35 p<0.05, **p<0.01, p<0.001 (g
36 3
(@]
37 ®
vs)
38 =
39 =
«
40 g
41 S
o
42 £
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