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Abstract

Objective

The 12-item Partners in Health scale (PIH) was developed in Australia to measure self-man-

agement behaviour and knowledge in patients with chronic diseases, and has undergone

several changes. Our aim was to assess the construct validity and reliability of the latest

PIH version in Dutch COPD patients.

Methods

The 12 items of the PIH, scored on a self-rated 9-point Likert scale, are used to calculate

total and subscale scores (knowledge; coping; recognition and management of symptoms;

and adherence to treatment). We used forward-backward translation of the latest version of

the Australian PIH to define a Dutch PIH (PIH(Du)). Mokken Scale Analysis and common

Factor Analysis were performed on data from a Dutch COPD sample to investigate the psy-

chometric properties of the Dutch PIH; and to determine whether the four-subscale solution

previously found for the original Australian PIH could be replicated for the Dutch PIH.

Results

Two subscales were found for the Dutch PIH data (n = 118); 1) knowledge and coping; 2)

recognition and management of symptoms, adherence to treatment. The correlation

between the two Dutch subscales was 0.43. The lower-bound of the reliability of the total

scale equalled 0.84. Factor analysis indicated that the first two factors explained a larger
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percentage of common variance (39.4% and 19.9%) than could be expected when using

random data (17.5% and 15.1%).

Conclusion

We recommend using two PIH subscale scores when assessing self-management in Dutch

COPD patients. Our results did not support the four-subscale structure as previously

reported for the original Australian PIH.

Introduction
Self-management interventions aim to improve the health behaviour and self-management
skills of patients with chronic and complex health conditions in order to improve the physical
health and well-being of these patients [1,2]. Problem solving, decision making, resource utili-
sation, forming patient-provider partnerships, and patient-tailored action planning are essen-
tial parts of self-management [2]. As patient self-management skills develop, increased
confidence in their own health management becomes a powerful factor in inducing and sus-
taining behaviours that provide perceived benefits [2,3]. This is especially important in patients
with Chronic Obstructive Pulmonary Disease (COPD) who are responsible for their day-to-
day disease management [2]. COPD self-management interventions aim to e.g., instil the confi-
dence to recognise COPD exacerbations [1] and to take appropriate actions when COPD
symptoms deteriorate. The most recent Cochrane review regarding COPD self-management
interventions showed that COPD self-management interventions are associated with improved
health-related quality of life (HRQoL), a reduction in the number of hospitalisations, and
improved dyspnoea [4]. In COPD patients, assessments have traditionally involved objective
parameters (e.g., lung function). More recently, patient-reported outcomes (PROs) have
become increasingly popular. Using PROs, it is not only possible to evaluate outcomes such as
COPD-specific HRQoL [5] (e.g., St. George’s Respiratory Questionnaire (SGRQ)) [6] and
COPD self-efficacy [7], but also perceived health outcomes. Little is known, however, about
perceived health outcomes such as self-management behaviour and knowledge in COPD
patients.

To facilitate the measurement of self-management behaviour and self-management knowl-
edge of patients with chronic diseases the 12-item Partners in Health scale (PIH) was devel-
oped by an Australian research group [8]. The Australian 12-item PIH was intended to provide
a first step of assessing a patient’s self-management in developing a collaborative patient-clini-
cian self-management care plan. It was designed to assist patients with chronic and complex
conditions in learning how to participate more effectively in the management of their condi-
tion and to improve their self-management skills, because previous research indicated that pro-
viding coordinated care for people with chronic conditions was predominantly based on their
self-management capabilities rather than on the severity and/or complexity of their illness [9].
The Australian 12-item PIH was therefore introduced as a generic self-rated clinical PRO tool
suitable for: 1) assessing the effects of self-management interventions in populations with dif-
ferent chronic conditions; 2) comparing populations; and 3) determining changes in patient
self-management knowledge and behaviour over time [8]. Subsequently, it was found to be a
valid measure of patient competency in relation to the self-management of their chronic condi-
tions [8]. Four subscales were reported based on Principal Component Analysis (PCA): knowl-
edge, coping, recognition and management of symptoms, and adherence to treatment [8].
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Hitherto, the Australian PIH has been successfully used to evaluate (self-) management strate-
gies for chronic disease prevention and management [10]. In addition, the PIH has also been
used as a screening tool to identify patients who would most benefit from a self-management
care plan [11]. The PIH has been translated into Spanish and validated among healthcare users
(patients with diabetes, hypertension and cancer) of primary care in Mexico [12]. Three sub-
scales were reported for the Spanish PIH based on exploratory factor analysis (FA) [12].

Having greater insight into COPD patient behaviour and knowledge would facilitate the
identification of key COPD self-management skills that could be improved. This could help
inform further improvement of patient-tailored COPD self-management interventions and
may reduce the high disease burden, hospitalisations and healthcare cost in COPD patients
[13,14]. The PIH has, however, not been validated for use in patients with COPD nor has it
been validated in the Dutch language. The aim of the current study was, therefore, to assess the
construct validity and reliability of a Dutch translation of the latest PIH version in Dutch
patients with COPD. More specifically, we assessed the underlying dimensionality of the
Dutch PIH using data from a Dutch COPD sample participating in the COPE-III self-manage-
ment intervention study [15] to determine whether the same four-subscale solution of self-
management for the original Australian PIH as proposed by Petkov et al. [8] could be found
for the Dutch PIH.

Materials and Methods

Measures
Partners in Health scale. The original PIH consists of 12 items (PIHv1), scored on a self-

rated 9-point Likert scale with 0 indicating the worst and 8 the best possible patient self-man-
agement [8]. Both a total sum score and four subscale scores can be calculated for the PIHv1:
knowledge (items 1, 2, 4, 8); coping (items 10–12); recognition and management of symptoms
(items 6, 7, 9); adherence to treatment (items 3, 5). Reliability (estimated using Cronbach’s
Alpha) equalled 0.82 for the total scale [8]. The 12-item PIHv1 is based on six key principles
essential for effective self-management that were transformed into 12 items assessing how well
persons were self-managing. It was revised by splitting two double-barrelled items into two
questions each; for instance emotional and social impacts of the condition(s) became items 10
and 11 in PIHv2. The resulting 14-item PIH version was used clinically for several years and
was also included in a RCT aimed at improving patient self-management competencies [16].
After a national project to determine a consensus definition of self-management the 14-item
PIH was further revised [17], which allowed the number of items to be reduced and the time to
administer and score the tool minimized, balanced against retention of items that were clini-
cally relevant. Therefore, item 5 from PIHv1 (‘arranging and attend appointments’) was
changed into item 6 ‘attend appointments’ in PIHv2. Two questions on monitoring and man-
aging symptoms (item 6 and 8) were removed from PIHv1. In addition, an item on ability to
access culturally appropriate services was added (item 5). The result was the current 12-item
PIHv2 from which the Dutch version was derived. A copy of PIHv2 can be obtained from Flin-
ders University, Australia.

Development of the Dutch PIH. For use in a Dutch speaking population the PIHv2 was
translated into Dutch then back-translated into English by an independent translator (guide-
lines Guillemin et al. [18,19]). A Dutch PIHv2 (PIH(Du)) was defined (see S1 Table) and pre-
tested in a qualitative evaluation with a small group of Dutch COPD patients who did not par-
ticipate in the COPE-III self-management study [15], which is an ongoing RCT regarding self-
management in COPD patients with comorbidities. Sampling of patients for the qualitative
evaluation was continued until saturation of information was achieved. Comments on the
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wording, layout of the 9-point Likert scale, and issues encountered during the self-administra-
tion process were collected using the three-step test interview (TSTI) [20]. Respondents com-
pleted the PIH and concurrently verbalised their thoughts (‘think aloud technique’).
Subsequently, they answered probes about terms or phrases in the PIH. A predefined cognitive
testing protocol [21] was used for this second step. The third step elicited experiences and opin-
ions of patients [20,21]. Non-verbal communications were documented and all verbalisations
were audio recorded for further analysis. Data from the TSTI were analysed using content anal-
ysis approach [22], in which coding categories are derived directly from the text data.

Patients
We used baseline data from Dutch COPD patients with comorbidities participating in the
COPE-III study for the psychometric analyses [15]. The patient eligibility criteria have been
previously described [15] and can be summarised as follows: a clinical diagnosis of COPD [23];
clinically stable at the time of inclusion; at least one clinically relevant comorbidity (ischemic
heart disease, heart failure, diabetes, anxiety and/or depression); at least three COPD exacerba-
tions and/or one hospitalisation for respiratory problems in the two years preceding study
entry; and adequate Dutch language proficiency. All procedures performed in the current
study were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The study protocol was approved by the Medical Ethical Committee
at Medisch Spectrum Twente and by the Southern Adelaide Clinical Human Research Ethics
Committee. The study is registered in the public Australian New Zealand Clinical Trials Regis-
try (ACTRN12612000514808). Written informed consent was obtained from all individual
participants prior to participation in this study.

Statistical analyses
Descriptive statistics were calculated using SPSS v20.0 [24]. Both scale structure and item prop-
erties were analysed. The analytic strategy was defined prior to viewing the dataset. Following
Paap et al. (2015) [25], we used two complementary statistical methods to evaluate the
dimensionality of the PIH(Du): 1) Mokken Scale Analysis (MSA; a non-parametric technique);
and 2) common FA.

In recent years, MSA has increased in popularity in health research [26–31]. MSA identifies
scales that allow an ordering of individuals on an underlying scale using unweighted sum
scores [32,33]. In order to ascertain which items co-vary and form a scale, scalability coeffi-
cients are calculated on three levels: item-pairs (Hij), items (Hi), and scale (H). H is based on Hi

and reflects the degree to which the scale can be used to reliably order persons on the latent
trait using their sum score. A scale is considered acceptable if 0.3�H<0.4, good if 0.4�H<0.5,
and strong ifH�0.5 [32,33]. MSA can be used in both a confirmatory and exploratory manner.
The exploratory procedure follows a bottom-up, iterative approach. First, a start set of items is
identified in one of two ways: 1) the item pair with the highest Hij value is chosen (default), or
2) the researcher specifies the start set manually. Subsequently, the relationship (in terms ofH
coefficients) of each remaining item with the start set is evaluated one item at a time. At each
step, the item that maximises H is added, but only if a) it has a positive relationship (in terms
ofHij) with the set of items in the current scale, and b) adding the item results in anHi value
higher than a predefined user-specified constant c (typically 0.3). When no more items can be
added, a second subscale is formed. The procedure stops when no items are left, or when no
other items can be assigned to subscales anymore. For more detailed information on MSA, we
refer to Paap et al. (2013; online supplement [25]). MSA was applied using the R [34] package
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Mokken [35]. We ran the exploratory analysis several times in a row, each time increasing the
lower bound scalability coefficient c [33]. The outcomes indicate whether the data set is one-
dimensional or multidimensional [33].

We used Parallel Analysis (PA) based on Minimum Rank Factor Analysis (MRFA); this
method will be abbreviated as PA-MRFA [36]. MRFA is a common FA method that allows one
to find the “most-unidimensional” solution [37]. In PA-MRFA, for each factor the empirical
value of the proportion of explained common variance (ECV) is compared to corresponding
factors ECV derived from random data [36]. The random data are generated based on the sam-
ple size of the real data assuming independence among items [38]. Typically, a large number of
random datasets are generated, resulting in a sampling distribution of ECV-values for each fac-
tor. To determine the optimal number of factors, for each successive factor the observed ECV
can be compared to the mean or the 95th percentile of the sampling distribution associated
with the respective factor. We used the software package FACTOR [39] to perform the
PA-MRFA analyses. We used the standard configuration for PA-MRFA: 500 random correla-
tion matrices were generated based on “random permutation of sample values” [36]. Usually, it
is advised to use polychoric correlation-based common FA in the case of ordinal data (with five
or fewer answering categories). Although the PIH items were scored with nine response
options (eligible to be treated as continuous), we had to collapse categories for all items prior to
the analyses, in order to ensure adequate coverage (at least 10–15 observations per item-cate-
gory combination). Polychoric correlation based models would, therefore, be more appropri-
ate. However, they are known to be more prone to convergence issues when small sample sizes
are involved. It was therefore decided to run two sets of analyses; one based on polychoric cor-
relations and one based on Pearson correlations. The 95th percentile threshold was used for the
polychoric analysis and the mean threshold for the Pearson analysis [36]. Since both sets of
models converged and resulted in similar factor solutions, we will only report the findings
based on the polychoric correlations. An oblique factor rotation (Promin) was used to facilitate
interpretation of the factors [40].

Results

Qualitative evaluation of the PIH(Du)
Qualitative data were gathered during interviews with four Dutch COPD patients. In general,
the instructions were found to be clear and patients indicated that the PIH(Du) was a proper,
readable, synoptic, complete and clear instrument. Critical notes were: use of long sentences;
information on a time period that fits with the completion of the instrument was lacking; and
it could be more COPD-specific. In addition, more specific comments on the individual items
and the clarity of wordings were provided for the items 5–12 (see Table 1). Patients’ sugges-
tions for improvements were, for instance, adding a definition of a ‘healthcare professional’
and ‘blood glucoses level’. Other suggestions were: delete ‘culture, value and beliefs’ from item
5 (“You could leave out the last part of this question (culture, values and beliefs)”); add ‘life
style’ and rephrase item 9; and split item 12 into different items for the different healthy life
styles (e.g., ‘I manage to live a healthy life with no smoking’, ‘I manage to live a healthy life with
moderate alcohol use’). The horizontal axis of the 9-point Likert scale was found acceptable
and familiar (“This is quite similar to what they ask in connection with the pain threshold”).
However, patients also indicated that a PIH(Du) item score of zero (lowest possible self-man-
agement) will most likely only be used by patients with an end-stage disease. Suggested
improvements for the 9-point Likert scale were using fewer response options and visualising
response options (“You could use it like a traffic light”).
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Table 1. Results of the qualitative evaluation of the 12-item PIH(Du) in four Dutch COPD patients.

Item Interpretation Comments (e.g., on clarity of
wordings)

Improvements

1: Knowledge of
illness

“What I know in general about my health
conditions.” “Howmuch you know yourself
about your illness.” “What the health reasons
are.” “Whether I have lung issues.” “Whether
you are well informed about your own health
conditions.”

- -

2: Knowledge of
treatment

“Whether I do know what the treatments and
medications are for my conditions.” “It is
about what I know in general about the
medicines I use.” “The treatment with
medication changes so quickly. I think,
regarding the information about medicines,
that it could be done better.”“And I have
pointed that out a few times about my
treatment.”

- -

3: Taking
prescribed
medication

“Just whether to take the medicines and to
follow the treatment instructions.”“Regarding
those medicines. . ..nothing is ever said
about it or how to use it.” “That you take what
is prescribed, as has been agreed with your
healthcare provider.”

- -

4: Decision
sharing

“In principle, I always take decisions together
with my doctor or healthcare provider.”
“Actually, I haven’t been informed about that
yet, about what’s wrong—or not wrong—with
me.” “I don’t know what, what, what. . .where
I always stand.” “I should talk about it with
the doctor or healthcare provider then,
shouldn’t I?“Whether you take decisions if
you do experience symptoms.”

- -

5: Services fit with
culture/value/
beliefs

“Because I do occasionally discuss this with
my doctor.” “Should I also arrange for a
health professional? That‘s what it seems to
say.” “That is self-evident that a healthcare
provider should adapt to someone with a
different cultural background.”

“Yes, and just what does it all mean?” “I
don’t understand it very well.” “But this
has nothing to do with the kind of
healthcare you need, I think.”“The most
important thing is that you are able to
arrange your healthcare as much as
possible yourself.”

“You could leave out the last part of this
question (culture, values and beliefs).”

6: Arrange and
attend
appointments

“Then you need to go to a doctor or health
professional.” “An appointment where I need
to go.”

“I’ve never had contact with a health
professional. Then I don’t know what
this health professional is supposed to
do.” “What do you mean by that, a
health professional?” “So I’d think this
word [health professional] is not
appropriate in this questionnaire.

“Add a definition of health professional.”

7: Track of
symptoms

“I understand my symptoms.” “Then you
need to indicate how and what then. The
same goes for your medicines. If I’m
breathless or something.” “To act in time if
you are not feeling well.” “That you need to
know your body well yourself.”“I recognise
the symptoms, but I don’t take action.”

“I think that this is a good question.”
“This is a very long sentence.” “This is
not applicable to me, but I do
understand it.” “I cannot fill in fairly well
or very well, since I don’t know what
that is: peak flow.” “Peak flow?What do
they mean by that?” “For instance blood
sugar levels and peak flows. I don’t
know what that is.” “I don’t know to what
extent blood glucose levels, peak flows,
weight and sleeping problems are
related to COPD. I don’t know that as a
layperson, do I?”

“Add a description of peak flow and blood
glucoses level to this question.”“Shorten this
question.” “Change this question into: ‘For
instance, I watch my symptoms or early
warning signs, such as breathlessness’,
which makes this more relevant for COPD.”

(Continued)
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Patient characteristics
Patient characteristics for the Dutch COPD sample used for psychometric analysis can be
found in Table 2. The PIH(Du) (see S2 Table) was completed by 118 COPD patients (65.3%
male, mean age 67.6, 19.5% smoker) diagnosed with at least one clinically relevant comorbidity
(71.2% cardiovascular disease, 40.7% diabetes, 19.5% anxiety, 16.9% depression).

Dimensionality and reliability analyses
Running exploratory MSA indicated a two-dimensional pattern for the PIH(Du) (see Table 3).
The two PIH(Du) subscales were tentatively labelled as: 1) knowledge and coping (items 1, 2,
8–12) and 2) recognition and management of symptoms, adherence to treatment (items 3–7).

Table 1. (Continued)

Item Interpretation Comments (e.g., on clarity of
wordings)

Improvements

8: Take action
when symptoms
deteriorate

“Well, then I always tell the doctor when the
symptoms get worse.” “Whether I do take
action when there are warning signs” “I never
take action when I have symptoms or
something.” “Yes, well, yes, I do take action.
But quite late, usually.” “Usually I contact the
pulmonary physician then.”

“Because I also think that many people
will not understand this. . .symptoms
and all those kinds of words.”

“If you want to make it easier to understand
for everyone, then you could simplify it.”
“Make it more concrete.”

9: Dealing with
effects on physical
activity

“How you function yourself.” “What is
possible and what is not possible.” “That I
have everything under control, such as
performing household chores and walking.”
“If I do those activities, how my health will
develop.” “If someone leads a regular life,
then you will have control over your lungs,
over your walking, won’t you.”

“Rather a mouthful, in my opinion. And
that question really depends on how
your complaints are at that moment.”
“Short term or long term?” “Because
that depends on how your physical
condition is at that moment.” “So I think
this question is very difficult defined.”
“The effects will come later.” “I think this
it is a little bit hard to answer.” “The
effect of health conditions, I think that
yes, that depends on the severity of
your conditions, of course.”

“Maybe add life style.” “So, I would describe it
more, like ‘I can control my physical activities
such as household chores, walking, in a
normal way.’” “And you could put it in an even
simpler way, like: ‘I have control over my
health conditions and over my daily activities
myself. For example, walking and household
chores.’”

10: Dealing with
effects on
emotional
wellbeing

“Well, whether I have my emotions under
control and that I mentally. . .That all is well
mentally.” “Whether I have control over the
effects on my emotional wellbeing.”
“Whether I can keep my emotions under
control, when I have problems.” “This
question is not applicable to me. Actually, I’m
always in a good mood.”

“Very long sentences. It’s almost like
two questions in one.” [reads first half of
question out loud] “(. . .) the effect of my
health condition, I think that is very
incomprehensible for many people.” “I
think the word ‘effect’ will be filled in
differently than what is meant.”

“You need to turn it around. What or with a
question: ‘what is the effect of my
health. . .ehm. . .condition on your own
emotions and whether you have it under
control?’” “Start this question with ‘I have
insight into my health condition’, because that
is easier to understand.”

11: Dealing with
effects on social
life

“I often have things that I think I love to do
this or that.” “How I behave and everything.”
“Whether I can cope with my health issues.”
“I’m not very sociable; I don’t need to be
around a lot of people. So I’ll never visit a
crowded place.” “It does not have any effect
when my symptoms change.”

“Also very broad.” “I think this is more
about like a character trait.” “It is a
general list. I have trouble relating it to
lung problems.”

“Just like before, start this question with ‘I
have insight into (. . .)’.”

12: Manage to live
a healthy life

“Whether I am smoking, using alcohol or
doing a lot of physical exercise.”

“There are several things incorporated
that I think are very difficult to answer.”
“It can be difficult to indicate whether
you eat healthy, I don’t know that.”
“Everything has been added to this
question.” “I cannot answer this
question by giving one answer, since
this question contains different things of
a healthy life.”

“Split this question into different questions for
the different healthy life styles, e.g., smoking
behaviour, alcohol use, sports etc.”

doi:10.1371/journal.pone.0161595.t001
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Table 2. Characteristics of Dutch COPD patients with comorbidities who completed the 12-item Dutch
Partners in Health scale.

Patient characteristics Total (n = 118)

age in years; mean (SD) 67.6 (8.9)

male; n (%) 77 (65.3)

smoker; n (%) 23 (19.5)

mMRC dyspnoea score, range 0–4; mean (SD) 1.99 (0.91)

health literacy*, range 1–5; mean (SD) 2.56 (0.92)

lung function parameters; mean (SD)

FEV1% predicted post-bronchodilator 52.4 (14.7)

FEV1/FVC post-bronchodilator 51.3 (12.9)

diagnosed disease; n (%)

COPD 118 (100)

cardiovascular 84 (71.2)

diabetes 48 (40.7)

depression 20 (16.9)

anxiety 23 (19.5)

12-item PIH(Du) total score; mean (SD) 78.1 (9.7)

PIH(Du) subscale 1**; mean (SD) 35.2 (6.9)

PIH(Du) subscale 2***; mean (SD) 42.9 (4.3)

FEV1: Forced Expiratory Volume in one second as percent predicted for age, gender and height; FVC:

Forced (expiratory) Vital Capacity; mMRC: modified Medical Research Council; PIH(Du): Dutch Partners in

Health scale; SD: Standard Deviation

*Health literacy was measured by asking patients for their confidence in completing medical forms by

themselves with higher scores indicating lower confidence.

**Subscale 1 was tentatively labelled as ‘knowledge and coping’;

***Subscale 2 was tentatively labelled as ‘recognition and management of symptoms, adherence to

treatment’.

doi:10.1371/journal.pone.0161595.t002

Table 3. Scale solutions for the 12-item Dutch Partners in Health scale.

12-item Dutch Partners in Health scale MSA PA-MRFA

Item 1: Knowledge of illness 1 1

Item 2: Knowledge of treatment of illness 1 1

Item 3: Taking medication as prescribed 2 2

Item 4: Decision sharing 2 2

Item 5: Services fit with culture/value/beliefs 2 2

Item 6: Arrange and attend appointments 2 2

Item 7: Track of symptoms 2 2

Item 8: Take action when symptoms deteriorate 2 1

Item 9: Dealing with effects on physical activity 1 1

Item 10: Dealing with effects on emotional wellbeing 1 1

Item 11: Dealing with effects on social life 1 1

Item 12: Manage to live a healthy life 1 1

MSA: Mokken Scale Analysis; PA-MRFA: Parallel Analysis based on Minimum Rank Factor Analysis; Note

The last two columns indicate whether the item was assigned to the Dutch Partners in Health subscale 1 or 2.

Subscale 1 was tentatively labelled as ‘knowledge and coping’, subscale 2 was tentatively labelled as

‘recognition and management of symptoms, adherence to treatment’.

doi:10.1371/journal.pone.0161595.t003
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TheH-values of the two subscales based on the Dutch data were good (0.43, subscale 1) and
acceptable (0.38, subscale 2). The correlation between the two subscales was 0.43. The lower-
bound of the reliability (estimated using Cronbach’s Alpha) for the total scale equalled 0.84.
Cronbach’s Alpha was 0.80 and 0.72 for the PIH(Du) subscales 1 and 2, respectively.

The factor analyses resulted in a very similar scale solution to the MSA analyses (see
Table 3). The polychoric correlations matrix can be found in Table 4. The first two factors
explained a larger percentage of common variance (39.4% and 19.9% for factor 1 and 2, respec-
tively) than could be expected when using random data (see Table 5). The estimated correla-
tion between the factors extracted from the Dutch data was 0.41. The factor analyses for the
two PIH(Du) subscales showed that the newly added item 5 showed similar factor loadings for
both subscales; 0.39 for subscale 1 and 0.48 for subscale 2 (see Table 6).

Table 4. Polychoric correlations matrix for the 12-item Dutch Partners in Health scale.

I1 I2 I3 I4 I5 I6 I7 I8 I9 I10 I11 I12

I1 1.00

I2 0.60 1.00

I3 0.03 0.16 1.00

I4 0.27 0.26 0.73 1.00

I5 0.40 0.38 0.34 0.61 1.0

I6 0.00 0.14 0.70 0.46 0.22 1.00

I7 0.12 0.26 0.42 0.39 0.44 0.20 1.00

I8 0.34 0.31 0.23 0.24 0.50 0.07 0.56 1.00

I9 0.25 0.28 -0.20 -0.05 0.24 -0.04 0.33 0.32 1.00

I10 0.32 0.26 -0.06 0.11 0.40 -0.01 0.22 0.31 0.58 1.00

I11 0.38 0.35 0.20 0.23 0.36 0.21 0.34 0.28 0.47 0.64 1.00

I12 0.20 0.32 0.17 0.23 0.36 0.19 0.34 0.38 0.41 0.60 0.51 1.00

doi:10.1371/journal.pone.0161595.t004

Table 5. Results of MinimumRank Factor Analysis Dutch Partners in Health scale.

Factor % ECV real data Mean% ECV random data 95th percentile % ECV random data Eigenvalue*

1 39.4 17.5 20.1 4.17

2 19.9 15.1 16.7 2.16

3 9.6 13.4 14.9 0.98

4 8.9 11.8 12.9 0.78

5 6.2 10.3 11.4 0.51

6 5.0 8.9 9.9 0.29

7 3.9 7.5 8.6 0.20

8 3.2 6.1 7.2 0.19

9 2.4 4.6 6.0 0.11

10 0.9 3.2 4.6 0.07

11 0.6 1.8 3.1 0.00

12 0.0 0.0 0.0 0.00

ECV: explained common variance

*Based on reduced correlation matrix

Note: Standardized Cronbach’s Alpha (total scale) = 0.84

doi:10.1371/journal.pone.0161595.t005
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Discussion
Our dimensionality analyses showed a two-subscale solution for the PIH(Du): 1) knowledge
and coping; 2) recognition and management of symptoms, adherence to treatment. Our results
therefore did not support the four-subscale structure as previously reported for the original
Australian PIH [8]. It is of interest that a Spanish version of the PIH was found to have a three-
subscale solution [12].

Several possible explanations have been put forward to account for different findings in fac-
torial solutions across studies: differences in statistical methods and target populations, sample
size, number of items per factor, number of factors in the model, and the size of the commu-
nalities (proportion of the variance of an item that is accounted for by the common factors
in the model) [31,41,42]. At the time of the original Australian PIH development [8], its
dimensionality was evaluated by using a two-stage procedure: an exploratory PCA (data
reduction technique to group items into a set of new variables) and a confirmatory common
FA (a mathematical model to estimate the relationship between items and latent variables
[43]) was subsequently used to “validate” the structure identified by the exploratory analysis.
However, PCA and common FA will only produce similar results under very specific circum-
stances [38]. We favoured using exploratory IRT and common FA models over PCA in this
study, because they are suitable for ordinal data [44] and result in meaningful scales (e.g., Bors-
boom et al. [45]). It is unclear which exploratory FA was performed for the Spanish PIH vali-
dation [12]. We were therefore unable to compare our results with the three-subscale solution
for the Spanish PIH.

The MRFA criteria used in our study require less interpretation in determining dimensional-
ity and allows one to find the “most-unidimensional” solution [37], in comparison with conclu-
sions based on a PCA. Petkov et al. used a Cattell’s Scree plot [46] as a graphical representation
of the eigenvalues and suggested a cut-off of three components as defined by the ‘elbow’. This
choice is somewhat arbitrary and the plot can be interpreted in different ways, since the slope

Table 6. Factor loadings of the Dutch Partners in Health scale based on MinimumRank Factor Analysis.

PIH(Du) subscale 1: ‘knowledge
and coping’

PIH(Du) subscale 2: ‘recognition and management of symptoms,
adherence to treatment’

Item 1: Knowledge of illness 0.57 0.07

Item 2: Knowledge of treatment of illness 0.47 0.19

Item 3: Taking medication as prescribed -0.39 1.05

Item 4: Decision sharing -0.13 0.93

Item 5: Services fit with culture/value/
beliefs

0.39 0.48

Item 6: Arrange and attend appointments -0.26 0.74

Item 7: Track of symptoms 0.30 0.45

Item 8: Take action when symptoms
deteriorate

0.49 0.26

Item 9: Dealing with effects on physical
activity

0.80 -0.27

Item 10: Dealing with effects on
emotional wellbeing

0.89 -0.17

Item 11: Dealing with effects on social
life

0.65 0.12

Item 12: Manage to live a healthy life 0.60 0.13

PIH(Du): Dutch Partners in Health scale. Note: To aid interpretation, the factor loadings higher than 0.40 are printed in bold.

doi:10.1371/journal.pone.0161595.t006
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has flattened from two components onwards and, therefore, the cut-off point could also be at
two or one component. It has been shown that the Scree test has a tendency to overestimate the
number of subscales [47] and it should be used and interpreted with care. Kaiser’s criterion to
retain factors with eigenvalues greater than one for interpretation is the best known and most
utilised method in practice [48]. Despite its simplicity, though, this method may also lead to
arbitrary decisions and be inefficient in determining the number of subscales [48].

There is no consensus about a decision rule for the minimal sample size requirements in
dimensionality analyses. In the current study, our sample size of 118 COPD patients is of a
small to moderate size, with a correlation between the two PIH(Du) subscales of 0.43 and H-
values of 0.43 and 0.38. According to the guidelines of Straat et al. (2014) [49] the sample size
should be 50 to 250 to obtain 90 to 99% correct item assignment and adequate to good Per Ele-
ment Accuracy in MSA. For MSA analyses the required minimal sample size is mainly depen-
dent on the correlations between the latent variables and theH-values of the items [49]. Based
on the correlations and H-values we found in the current study, our sample size should be suf-
ficient to obtain 94–99% correct item assignment [49]. For FA the minimally required sample
size depends on a complex interplay of many aspects, e.g., the estimated factor loadings and
communalities [50]. When communalities are high, sample size tends to have less influence on
the quality of factor solutions compared to when communalities are low [50]. In case of rela-
tively low communalities, a larger sample size and number of items per factor are needed to
obtain stable results in FA [41]. Conversely, in case of a relatively small sample size, a higher
number of items per factor (� 4 items per factor [42]), a small number of factors and moderate
to high communalities are needed to estimate a model that will give a good representation of
the population factors [41]. Since the factorial solutions we found consist of a small number of
well-identified factors with moderate to high communalities, we feel confident that our low-
dimensional solutions for the PIH(Du) will be easy to replicate.

Cross-cultural differences and adjustments made after publication of the original PIH may
also have contributed to the discrepancy in dimensionality between the original Australian
PIH and the PIH(Du). For instance, item 5 (‘dealing with health professionals to get services
that fit with culture, values and beliefs’), which is unique to the PIHv2, was difficult to interpret
for Dutch patients and most patients felt the item was not applicable to them. In addition, item
5 showed high factor loadings on both of the Dutch subscales, making it difficult to assign the
item to either scale. We therefore suggest removing this item. Item 10 (‘manage the effect of
health condition(s) on emotional wellbeing’) has recently been added by the PIH authors in an
attempt to show the psychological/emotional impact of the disease(s). Their clinical experi-
ences so far suggest that the item is powerful in ‘breaking open the case’ to uncover factors that
can interfere with self-management. However, this item was poorly-received by patients com-
pleting the PIH(Du); patients indicated the item was too lengthy, the formulation too complex
and it was unclear what the reference time period was. We therefore suggest specifying a recall
period in the PIH.

Differences in heterogeneity between the Australian and Dutch samples may also have
contributed to the difference in the number of subscales found. Studies on other self-report
instruments, such as the SCL-90, have indicated that the number of dimensions found can
be related to for example disease severity [31]. Whereas the original Australian PIH was
completed by patients with different kinds of chronic diseases, including respiratory prob-
lems, the PIH(Du) was administered exclusively to COPD patients, albeit with comorbidities
and different COPD severity scores. Patients may provide different responses if multiple
chronic conditions are present. For instance, ‘health condition(s)’, as used in the items 1, 2,
4, 9, 10 and 11 from the PIH(Du) is a broad definition and can be interpreted in different
ways. Patients completing the PIH may only have considered those health conditions for
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which they have recently experienced symptom deterioration. Therefore, when multiple
chronic conditions are present, the specific contribution and effects of each chronic condition
cannot be assessed by the PIH scores. However, PIH scores were developed to enable assess-
ment of the knowledge and behaviour of patients in general to improve self-management
interventions.

Based on our findings, we feel confident that the PIH is a useful tool in assessing self-man-
agement behaviour and knowledge in COPD patients, but we do recommend some minor
changes to the instrument. Obviously, the PIH requires translation if used in other than the
source language, which is often the case in international research [51–53]. However, when,
besides translation, other changes are made over time to further improve measurement instru-
ments, this may negatively impact its interpretation for use in research or clinical practice.
First, with regard to changes made to the Australian PIH version, clear guidelines are needed
before translation and validation of the instrument for use in other settings and countries can
be continued. Second, we recommend introducing a recall period. Third, we suggest avoiding
the use of terms with multiple meanings and composite items (e.g., it is difficult to respond
unequivocally to the question ‘‘I take medications or carry out the treatments” if patients do
take their medication, but do not carry out the treatments as asked by the doctor). Further-
more, none of the Dutch patients used all nine response options. Simplifying the PIH by using
fewer response options could therefore be considered, although any such change would of
course require re-validation.

As a next step in our validation process, we plan to investigate the clinical relevance of the
two-subscale solution by assessing the ability of both subscale scores to discriminate between
patients who received benefit from the COPD self-management intervention (e.g. better self-
treatment adherence, higher quality of life scores, fewer hospitalisations and fewer exacerbation
days) and those who did not, and who demonstrated a poor self-management capacity. We
will also assess the associations between the subscale scores and e.g. quality of life. In addition,
we have planned to assess the responsiveness of the PIH, and whether response shift occurs in
COPD patients. A study by Harvey and colleagues showed that self-reported Australian PIH
scores improved significantly over time when patients with chronic diseases were involved in
peer-led self-management education programs [54]. Their results indicated that patients had
improved understanding of their condition and the ability to manage and deal with their symp-
toms resulting in a positive effect on self-management skills, confidence and health-related
behaviour [54]. Our ongoing RCT regarding self-management in COPD patients [15] will
allow us to assess the responsiveness of the PIH in more detail.

Conclusion
This is the first time that a translated Dutch PIH was validated in a sample of Dutch COPD
patients. Our findings indicate that most items are well-received by patients and show favour-
able psychometric properties. We recommend making minor changes and refinements. More
importantly, however, there is need for (international) consensus on a final version of the PIH
which can be validated in several settings and populations. Nevertheless, the PIH shows great
promise to facilitate the identification of self-management skills needing improvement in
COPD patients with other comorbid conditions. PIH scores could be used to tailor COPD self-
management interventions to the patient’s needs and capabilities, facilitating appropriate self-
management of COPD exacerbations and a reduction of hospitalisations. For use in Dutch
COPD patients, we recommend using two PIH subscale scores when assessing self-manage-
ment knowledge and behaviour. More research is needed to evaluate whether this two-subscale
solution is optimal for other populations as well.
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