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Background: Understanding non-adherence in patients with chronic obstructive pulmonary disease (COPD) 
remains challenging. The necessity and the concerns scales of the Beliefs about Medicines Questionnaire (BMQ) 
are known to correlate with adherence behavior in several chronic diseases including asthma but less is known 
about COPD. In the present study a COPD-specific BMQ (BMQ-COPD) was translated and administered to Danish 
COPD outpatients. Our aim was to derive high-quality measures of the 2 dimensions included in the BMQ-COPD.
Methods: A total of 168 patients with COPD were included from a Danish respiratory outpatient clinic. The Rasch 
model was used to evaluate psychometric characteristics of the BMQ-COPD and to obtain necessity and concerns 
scales fulfilling criteria of unidimensionality and overall fit, and with all items showing individual item fit with no 
local dependencies, and no differential item functioning. Further, we explored the association with disease-related 
variables and subsequent adherence behavior.
Results: Shortened versions of the original necessity and concerns scales fitted the Rasch model and were at 
least as good as the original scales as predictors of adherence, although only the necessity scale was significantly 
associated with adherence.
Conclusion: In a Danish COPD setting high-quality measures of necessity and concerns could be derived from the 
BMQ-COPD. The excluded items appear to reflect other dimensions.
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Good adherence to inhaled therapy in patients with 
chronic diseases leads to improved disease control 
and reduced morbidity, hospitalization, and health 
care expenditures.1  According to the World Health 
Organization (WHO), patient adherence to long-
term treatment in chronic diseases averages 50% 
in developed countries. The level of adherence to 
prescribed inhaled medicine in patients with chronic 
obstructive pulmonary disease (COPD) is consistently 
low, often <50%–60%.2,3 

The key to design interventions to improve medication 
adherence is a greater understanding of the factors 
related to poor adherence.4 The WHO emphasizes 
the patient perspective as 1 of 5 important aspects 
influencing adherence behavior, in addition to social and 
economic factors, health care systems, characteristics of 
the disease, and disease therapies.5 

The existing knowledge about adherence in patients 
with COPD is not sufficient for a comprehensive 
description of patient heterogeneity and the 
corresponding diversity in adherence behavior.6  
Several studies have attempted to demonstrate 
correlations between adherence and patient and disease 
characteristics7,8 but results have been inconsistent and 
do not indicate that patient and disease characteristics 
explain adherence behavior. In contrast, studies of other 
chronic diseases have consistently found a relationship 
between adherence and the individual’s perceptions of 
need for medicine and concerns about potential adverse 
effects of medication.3,9,10  However, in COPD patients 
there is a need for studies of individual differences with 
regard to beliefs about medication and the influence of 
such beliefs on adherence behavior.

Horne and colleagues11 developed a multiitem 
questionnaire to measure necessities and concerns 
about prescribed medicine - the Specific Beliefs about 
Medicines Questionnaire (BMQ-specific). It is a self-
report, multi-item scale with 2 subscales assessing 

Introduction

Materials and Methods
Participants and Design
Participants were enrolled in an observational 
adherence study in the outpatient clinic of the 
Section of Respiratory Medicine at Hvidovre Hospital, 
Denmark. Out of 1919 patients followed in the clinic, 
we consecutively asked 335 patients to participate, 
if they had been prescribed one or more COPD 
maintenance medication for regular use. They were 
all previously diagnosed with COPD according to the 
Global initiative for chronic Obstructive Lung Disease 
(GOLD)15  and 168 patients were recruited (February 
2011 to May 2013). Exclusion criteria were non-ability 
to read and understand questionnaires and tests applied 
during the adherence study. The study was approved by 
Hvidovre Hospital, the Danish Data Protection Agency 
and the regional scientific ethics committees for the 
Copenhagen area (H-3-2010-123). All participants 
gave written informed consent before participation. 
Information about demographics, smoking history, 
and prescribed respiratory medication and further 
medication was registered at inclusion. BMQ-COPD was 
one among several self-report questionnaires and tests 
included in the adherence study. Participants completed 

patients’ perceptions of their need for medicine and 
concerns regarding medicine, respectively. The BMQ 
scores have been shown to correlate with adherence 
behavior in several chronic diseases including asthma 
but less is known about COPD.11,12 Consequently, 
Horne and colleagues further developed a COPDspecific 
BMQ (BMQ-COPD), which is not yet published. When 
introducing a multi-item scale it is vital to validate 
the scale in the specific population in which it will 
be used before the scale scores are used in clinical or 
research contexts.13 The Rasch model is increasingly 
being used to evaluate psychometric characteristics of 
multiitem scales and examines very important criteria 
for assessing the psychometric quality of a scale.13,14 

The overall aim of this study was to derive high-quality 
measures of the necessity and the concerns scales of the 
COPD-specific BMQ in a Danish secondary health care 
outpatient population, and thus examine whether the 2 
scales or parts of the scales fit a Rasch model. In addition, 
we analyzed the relationship between the 2 scores 
and the relationship between the scores and clinical 
assessments. Furthermore, we explored the potential 
difference between the original and the validated scales 
in the association with adherence behavior.
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the questionnaire on their own with guidance available 
if needed. This scale-validation concentrates only on 
BMQ-COPD. On the basis of the COPD medication 
prescribed, the BMQ-COPD was completed in regard 
to 1 specific inhaler for maintenance treatment. We 
restricted analyses to long-acting muscarinic agents 
(LAMA) (ATC: R03BB), combinations of inhaled 
corticosteroids (ICS) and long-acting beta-agonists 
(LABA) (ATC: R03AK), and long-acting beta-agonists 
(LABA) (ATC: R03AC). If prescribed, a LAMA was the 
preferred option for the questionnaire as tiotropium was 
the most frequently prescribed drug for these patients.

Measures
The BMQ-COPD is a 22-item self-report questionnaire 
that consists of 2 subscales: 

1) The necessity scale explores the respondent’s 
beliefs about the need for specific inhaled medicine 
and includes 7 items. Total sum score has a 
maximum range from 7 to 35, and item names are: 
N1–N7 (N7 is reversely scored). 
2) The concerns scale explores the respondent’s 
beliefs about worries about taking their medicine 
and includes 15 items. Total sum-score has a 
maximum range from 15 to 75, and the item names 
are: C1–15 (C8, C10, and C11 are reversely scored). 

Both scales are answered on a 5-point Likert scale 
ranging from “strongly disagree” to “strongly agree.” All 
items relate to prescribed inhaled therapy and higher 
sum scores indicate stronger beliefs about necessity 
and concerns. The BMQ-COPD is developed from the 
Specific Belief about Medicines Questionnaire (BMQ) 
previously validated.11 The BMQ-COPD was translated 
and used with prior authorization of the developer. The 
authors conducted the first translation and professional 
translators produced the following back-translation. 
The orig-inal version, the translation and the back-
translation were discussed with the professional 
translators and the translation of items was modified 
until they were considered comparable to the original 
version. A pilot-test of the final Danish version on other 
patients from the outpatient clinic did not suggest 
further changes.

The COPD Assessment Test (CAT) aims to assess the 
impact of COPD on patients’ daily-life and consists of 8 
items scored from 0 (no impact) to 5 (very severe impact). 
High score indicates more severe impact of COPD (<10: 
Low; 10–20: Medium; 21–30: High; >30: Very high). 
CAT provides a valid, reliable and standardized measure 

of COPD health status.16-20 The responsiveness of CAT 
is good, and it is used increasingly in clinical practice 
as well as clinical research in preference to more time-
consuming and complex questionnaires such as the St. 
George’s Respiratory Questionnaire (SGRQ) and the 
Chronic Respiratory disease Questionnaire (CRQ).16-22     

Refill-adherence to maintenance COPD medication 
in a 1-year observation period from study entry was 
estimated using data from the national Danish Register 
of Medicinal Product Statistics (of the Danish Medicines 
Agency),23  which holds information on every prescrip-
tion dispensed in Danish pharmacies. We calculated the 
Proportion of Days Covered (PDC) for each prescribed 
medication matching the inhalers to the questionnaires 
for which questions related to the inhalers were 
answered. Overlapping refills and medication claimed 
up to 3 months before study entry were taken into 
account.

Statistical Analysis
By conducting a Rasch analysis we tested whether 
the sum of the item scores in the 2 multi-item scales 
necessity and concerns were actually measuring 
necessity and concerns, respectively, and thus valid 
in our specific population. The Rasch model is the 
simplest item response model having only 1 parameter 
per person and 1 parameter corresponding to each 
category of an item.

Rasch models have equal discrimination parameters, 
but models for items in Likert format differ with respect 
to assumptions about the thresholds for moving from 
one answer category to the next. The partial credit 
model (PCM) fits separate thresholds for each item 
and was used for both scales. For each item, the order 
of the thresholds has to be consistent with the answer 
categories. This is tested with a likelihood ratio test.

The item-trait interaction was used to evaluate the 
fit between model and data, reflecting the hierarchical 
order of items across the trait. Statistically non-
significant probability value (p>0.05; chi-square) 
indicates model fit. Additionally, fit-residual statistics 
were used for items and persons, reflecting the degree 
of divergence of the residuals between the expected and 
observed data for each person-item. A perfect model 
fit is indicated by residuals with a mean of 0.00 and a 
standard deviation (SD) of 1.00.

Individual item misfit was determined to the model 
by item fit-residual values (residuals±2.50) and item chi-
square values (p<0.05, Bonferroni adjusted). Item misfit 
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Participants
A total of 167 of the 168 participants completed the 
BMQ-COPD. Half of the participants had severe COPD, 
and none of the participants had mild COPD. Almost 
80% of the patients were former smokers and only 3 
patients had never smoked. The mean age was 68.6 
years. Detailed characteristics are presented in Table 
1. The majority of the patients were prescribed LAMAs 
and or ICS/LABA combinations, and the BMQ-COPD 
questionnaire was answered in regard to LAMAs by 135 
patients, for ICS/LABAs by 26 patients, and for LABAs 
by 6 patients, respectively.

Necessity Scale
The 7-item necessity scale did not fit the overall RSM 
(p<0.0001). Individual item fit failed for item N5,  “This 
inhaler protects me from becoming worse,” and item 
N7,  “I cannot feel this inhaler working.” The remaining 
5 items fit the PCM (p=0.213, PSI=0.85) and comprised 
the final necessity scale, cf. (Table 2)  The 5-item scale 
showed unidimensionality, with no local dependencies, 
and the orders of all item thresholds were consistent. 
None of the 5 items showed DIF in regard to age, 
gender, CAT score and GOLD grade. Cronbach’s alpha 
was 0.89.

Concerns Scale
The 15-item concerns scale did not fit the PCM 
(p<0.00001). Individual item-fit to the model failed 
for 5 out of 15 items (item C8, C10–C12, C15, see 
Table 3), but the remaining 10 items did not show 
unidimensionality (9% of the tests showed p<0.05). 
After combining tests for unidimensionality, tests of 
individual item fit and evaluation of content validity, we 

Results

suggests that the item reflects more than 1 dimension 
and these items were excluded.

The Person-Separation Index (PSI) indicates the power 
of the scale to discriminate amongst the respondents. 
The higher the PSI the better the discrimination power 
(PSI>0.70 is acceptable).

To evaluate the unidimensionality of each BMQ-scale 
we generated 2 subsets of items with positive versus 
negative correlations with the first principal component 
derived from the matrix of residual correlations. We 
tested the 2 subsets with a paired t-test for each person. 
To support the assumption of unidimensionality the 
number of significant tests should be less than 5% of 
the total number of tests.

Differential item functioning (DIF) occurs when 
subgroups respond differently to an item despite similar 
underlying levels of health beliefs. We performed 
the analyses of DIF by variance-based statistics for 
2 demographic variables (gender and age) and for 
2 disease-related variables (GOLD grade and CAT 
score).15,16 

To evaluate local independency among items we 
used the correlations matrix of residuals for all items. 
A residual correlation between 0.2 and 0.3 above the 
average of all item residual correlations was defined 
as local dependency, which leads to evaluation of item 
redundancies and potentially, exclusion of 1 of the 
items.

We evaluated the internal consistency reliability with 
Cronbach’s Alpha, ranging from 0–1 with 0.70 being 
the lowest level of acceptability.

Items were excluded one by one by deleting the most 
insignificant item followed by repeated item fit statistics 
for the remaining items until every item in the scale 
fitted the model. The individual item selections were 
simultaneously evaluated in relation to content validity, 
unidimensionality, local independencies, and DIF.

In addition to the Rasch analysis, we examined the 
Pearson correlation between the vali-dated necessity 
and concern scores. To further explore the relationship 
between the scores, the 2 scales were split at the 
scale midpoints to generate 4 attitudinal groups: 1) 
sceptical (low necessity, high concerns); 2) indifferent 
(low necessity, low concerns; 3) ambivalent (high ne-
cessity, high concerns); 4) accepting (high necessity, 
low concerns).24 In addition, we examined the Pearson 
correlation between the necessity and the concern 
scores in relation to forced expiratory volume in 1 
second (FEV1) in % and CAT score.

Furthermore, to compare the validated scales and the 
original scales we examined the association between 
the scale scores and refill-adherence in a logistic 
regression analysis with dichotomized refill-adherence 
as outcome, adjusted for age, lung function and socio-
economic status. Due to very high adherence rates in 
the study population we chose to analyze the effect of 
beliefs about medicines on good adherence compared 
to perfect adherence by using a 95% cut-point for the 
dichotomization.  

The Rasch analysis was conducted with the program 
RUMM2030. Statistical analyses were performed using 
statistical SAS 9.3.
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decided to exclude item C13 and C14 and achieved an 
overall fit, individual item fit, local independencies and 
unidimensionality with the remaining 8 items. Thus, 
item C1–C7 and item C9 comprised the final scale 
(overall test of fit for the PCM: p=0.81, PSI=0.85, test of 
unidimensionality: 4.19% of the tests showed p<0.05), 
Table 3. 

The 8 items in the final scale did not show DIF with 
regard to age, gender, CAT score and GOLD grade. 
Cronbach’s alpha was 0.83. The threshold order was 
not consistent for item 3, 4, 6 and 7 in categories 4 and 

5 (agree and strongly agree). However, there were few 
responses in these categories (2 to12 responses).

Relation Between Necessity and Concerns
The mean value was 18.7 for the 5-item necessity scale 
and 20.5 for the 8-item concerns scale. Only 12% of 
the patients reported low level of necessity. Almost one 
third of the patients reported ambivalent attitude, while 
60% of the patients reported accepting attitude (Figure 
1 ). The correlation between the scales was close to zero 
and the correlations between each scale and clinical 
measurements showed positive but weak relationship 
between the necessity score and CAT score (r=0.17, 
p=0.027). In addition, the CAT score correlated with 
FEV1 predicted (r=0.23, p=0.0024).

Comparing the Original and Validated Versions 
of the Necessity and Concerns Scale 
As expected, the correlations between the original and 
the Rasch-validated scales were very strong for the 
necessity scale (r=0.96, p<0.0001) as well as for the 
concerns scale (r=0.90, p<0.0001). The shorter validated 
necessity scale was as least as good at predicting 
adherence to inhaled maintenance medication, (odds 
ratio [OR]=0.90 per scale point p=0.04) as the original 
necessity scale (OR=0.92, p=0.04). Neither the shorter 
validated concerns scale (OR=1.0, p=0.99) nor the 
original concerns scale (OR=1.01, p=0.74) predicted 
adherence over 1 year in our patient sample.

Discussion
Using Rasch analysis we obtained a shortened 
version of the COPD-specific Beliefs about Medicines 
Questionnaire with 2 well-functioning scales measuring 
patients’ beliefs of necessity for prescribed inhaled 
medicine and patients’ concerns about their medicine. 
Due to multi-unidimensionality and item misfit in our 
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Rasch model, several items were excluded from the 
original scales. The validated necessity scale correlated 
well with the CAT score and the validated scales were 
found to be at least as good as the original scales to 
predict adherence behavior.

Treating the growing number of COPD patients is 
challenging because of non-adherence  to medications 
as well as other aspects of disease management. 
In our current treatment paradigm long-acting 
bronchodilators, inhaled corticosteroids and, to 
some extent, phosphodiesterase-4 inhibitors are all 
used to prevent exacerbations25,26 and require good 
adherence.1 Simple tools are needed in a clinical setting 
to enable health professionals to address non-adherence 
and the BMQ-COPD offers the possibility to explore 
the needs and concerns of patients. Health beliefs 
are increasingly discussed in research on adherence 
behavior and patients’ beliefs about medicine seems 
to relate to adherence behavior in asthma but less is 
known about COPD.12,27,28 We found it very relevant 

to explore the possible causal relationship between 
beliefs about prescribed inhaled medicine and level 
of adherence since perceived drug effects and long-
term expectations may differ significantly between 
asthma and COPD. Different questionnaires have been 
used to evaluate beliefs about medicine.29-31 As the 
BMQ-COPD is the only COPD-specific  “beliefs about 
medicine” inventory, it was an obvious choice. However, 
before using the sum scores from the multi-item scales, 
a systematic scale validation is essential.

In our analysis the necessity scale was reduced by 
2 items (Item N5 and N7). We would have expected 
item N5 to fit the model since the content of the item 
(“My inhaler protects me from becoming worse”) seems 
comparable to item N4 (“My health in the future 
depends on this inhaler”); nevertheless, the item-
misfit was substantial for N5. It probably reflects that 
patients are able to distinguish between the inescapable 
progression of COPD irrespective of inhaled medication 
and the fact that they know that the inhaled medication 
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is important for their future health. The fact that Item 
N7 (“I cannot feel this inhaler”) did not fit the model 
indicates that the beliefs about the necessity of the 
medicine seem different from the patient’s perception 
of relief in symptoms. Furthermore, most patients 
perceive more immediate substantial symptom relief 
with short-term inhalers than the maintenance inhalers 
that were the subject of the BMQ-COPD questionnaire. 
The necessity scale in the non-disease-specific BMQ 
contains only 5 items11; item N6 and N7 were added 
in the BMQ-COPD version. Thus, item N5 (“These 
medicines protect me from becoming worse”) has been 
shown to fit the multi-item scale in the BMQ, but the 
BMQ-COPD item N5 ( “This inhaler protects me from 
be-coming worse”) does not fit our model. This suggests 
that COPD patients in general are aware of the likely 
worsening of their condition and the limitations of 
medical treatment.

The concerns scale was at first reduced by 5 items 
(items C8, C10–C12, C15) and by further analysis 
by 2 more items (items C13 and C14) resulting in an 
8-item scale. Item C6, C7, and C9 are additions to the 
non-disease-specific BMQ concerns scale but seem 
to be very relevant to describe the COPD specific 
concerns about inhaled therapy. Although item C12 
seems relevant to COPD concerns, other items focus 
on information rather than medicine (item C8) or focus 
on actual inhaler use and technique (items C13–C15). 

Item C10 (“This inhaler is harmless”) 
and C11 ( “I can use as much of this 
inhaler as I need, without having to 
worry about becoming too dependent 
on it”) both seem content valid to the 
concern issue, but their formulation 
requires reverse scoring and this may 
confuse the respondents. It may reflect 
translation problems, but may also 
reflect misunderstanding of reversed 
questions.32 The excluded 9 items may 
still correlate with adherence levels as 
well as with the necessity and concerns 
scales; however, they appear to reflect 
more dimensions than the dimensions 
assessed by the 2 scales. 

On the final scales only 12% of 
the participants reported a low 
degree of necessity. More than half 
of the participants belonged in the 
accepting attitude category and we 

would expect these participants to adhere better to their 
inhaler. In contrast, we expect that patients belonging 
in the ambivalent attitude category (28%) could be in 
a dilemma weighing necessity and concerns. Absence 
of correlation between the 2 scores confirms that the 
2 scales measure separate dimensions. The positive 
correlation between the necessity score and the CAT 
score is clinically meaningful and interesting, and tells 
us that there is a relationship between perception of 
necessity and experienced symptom burden. However, 
the correlation is relatively weak and this suggests 
that perception of necessity is probably determined by 
other factors than the clinical state of the patients. This 
may explain why classical clinical evaluation does not 
predict adherence very well.3 

The shorter validated scales were at least as good as 
the original scales at predicting adherence, although 
only the necessity scales were associated with adherence 
in this study population. However, the difference in 
the association with adherence behavior in this large 
sample is not convincing, but if the scales are used to 
evaluate individual patients in a clinical context, the 
Rasch validation could have significant impact on the 
necessity and the concerns measure. Furthermore, 
for use in clinical practice the shorter form is a very 
important advantage of the validated scales.

Our study has limitations. The respondents to the 
BMQ-COPD volunteered to participate in an adherence 



755 A COPD-specific Beliefs About Medicine Questionnaire

journal.copdfoundation.org   JCOPDF © 2016 Volume 3 • Number 4 • 2016

For personal use only. Permission required for all other uses.

study, which makes possible selection bias an issue. 
The participants are thought to be comparable to the 
patients with COPD in our outpatient clinic in general 
as indicated by similar variation in GOLD grade, MRC, 
etc.33 However, although representative of secondary 
care outpatients, our study population has more severe 
disease and may be more homogeneous than that seen in 
primary care. This may have implications if this tool is to 
be used in primary care where it would seem necessary to 
check the validity of the scales as well. Also, the findings 
may only be representative of patients with a similar 
exposure to inhaled drugs as they are prescribed in our 
clinic, a general COPD clinic in Northern European sec-
ondary care. Furthermore, responders completing the 
questionnaire regarding different inhaled medications 
could bias our findings, as the choice of bronchodilators 
versus corticosteroid could influence the outcome of 
BMQ-COPD. This is, however, somewhat contradicted 
by the fact that it was actually one of the perceived relief 
questions (item N5) that did not fit the necessity scale. 
Finally, the high adherence level in the study population 
limited our possibility to evaluate differences in the 
association with adherence between the original and 
the validated scales. 

We conclude that the COPD-specific Beliefs about 
Medicine Questionnaire represents 2 multi-item scales 
assessing patients’ perception of their need for medicine 
and patients’ concerns regarding their medicine, 

respectively. In a Danish COPD outpatient setting the 
validat-ed scales were reduced with 7 items in total. The 
excluded items appear to reflect other dimensions than 
those reflected in the necessity and concerns scales. The 
sum-scores of the validated scales did not show strong 
correlation with measures of disease burden indicating 
that the perception of necessity and concerns about 
prescribed inhaled medicines is influenced by other 
factors. The shorter validated scales were at least as good 
in predicting adherence behavior as the original scales 
and the questionnaire is likely to become an important 
tool for future research on the relationship between 
beliefs about medicine and adherence behavior in pa-
tients with COPD.
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