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Purpose: People living with COPD who struggle to take their medicines often experience poorer health outcomes such as 
exacerbations of symptoms, more frequent and lengthy hospital admissions, and worsening mortality rates. This study aimed to 
evaluate the psychometric properties of the previously validated SPUR-27 model, a multi-factorial model of medication adherence.
Patients and Methods: This cross-sectional study was conducted with 100 adult patients living with COPD in a hospital setting in 
Southwest London. Medication adherence was assessed using a shortened SPUR model (SPUR-27) against the validated Inhaler 
Adherence Scale (IAS) as a comparator. In addition, objective medication adherence data, presented as the Medication Possession 
Ratio (MPR), were derived from patient medical and pharmacy records. The COPD Assessment Tool (CAT) score was used to 
examine the relationship between medication adherence and COPD symptom severity. Reliability of SPUR-27 was assessed using 
internal consistency estimates. Exploratory factor analysis, partial confirmatory factor analysis, and maximum likelihood analysis were 
conducted in conjunction with construct, concurrent, and known-group validity testing to explore the psychometric properties of the 
SPUR model in this population.
Results: A 7-factor model for SPUR-27 was derived with adequate factor loadings. SPUR (α=0.893) observed strong internal 
consistency (>0.8). The model was significantly positively correlated with IAS score (p<0.001) as well as MPR (p<0.01). A significant 
(p<0.01) relationship between poor medication adherence and worsening symptom severity, as defined by the CAT score, was 
identified for SPUR (χ2 = 8.570) using Chi-Square analysis. Furthermore, SPUR-27 demonstrated early evidence of validity with 
good incremental fit indices: NFI (0.96), TFI (0.97), and CFI (0.93) were all reported as >0.9 in addition to the RMSEA, which was 
<0.08 (0.059).
Conclusion: SPUR demonstrated strong psychometric properties in patients living with COPD. Further work should look to examine 
the test–retest reliability of the model and its application in broader sample populations.
Keywords: validity, patient-reported outcome measure, chronic obstructive pulmonary disease, factor analysis

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a respiratory condition characterised by a progressive and irrever-
sible decline in lung function. The condition is commonly observed in those exposed to substances that can induce 
alveolar abnormalities as a result of inflammation, such as tobacco smoke.1 People living with COPD report episodic 
breathlessness and a chronic cough that is often accompanied by excessive or abnormal mucus secretions. Unfortunately, 
COPD is becoming an increasingly common respiratory condition, with a reported 44.2% increase in global prevalence 
between 1990 and 2015.2 Global mortality also significantly increased in this period with 3.2 million COPD deaths 
recorded in 2015 – an 11.6% rise in mortality since 1990.
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A recent large-scale observational study of COPD patients in Spain (n= 59,369)3 identified an all-cause mortality rate 
of 5.6% when compared to 1% in the general population of adults over the age of 40 (n=1,219,749). Unsurprisingly, this 
increased risk of mortality is accompanied by significant impacts on an individual’s quality of life (QOL). Disease 
severity has been directly associated with considerably poorer QOL outcomes, even in the case of mild disease.4 

Examples of psychological comorbidities that are highly prevalent among people living with COPD include depression 
and anxiety.5 In fact, a longitudinal population study (n=35,722) of UK primary care patients identified an incidence rate 
of 16.2 vs 9.4 per 1000 patients for new-onset depression in individuals with and without a COPD diagnosis, 
respectively. Those diagnosed with severe COPD were also twice as likely to report a diagnosis of depression (Odds 
Ratio (OR), 2.01; 95% Confidence Interval (CI) 1.45–2.78),6 This exposure to both increased mortality and psychological 
distress provides some insight into the potential social and clinical complexities of living with COPD, particularly 
without appropriate management such as inhaled medicines. Inhalers are an essential component in the pharmacological 
treatment of COPD; however, improper use of inhaled therapies can increase the risk of hospitalisation due to COPD 
exacerbations, which in turn is associated with worsening mortality in conjunction with other previously identified 
predictors such as depression, comorbidity, and a previous history of hospital admissions.7,8 Furthermore, psychological 
comorbidities such as depression, as well as COPD symptom severity, have been shown to have a direct negative impact 
on adherence to respiratory treatment regimens.9,10

There is a relationship between the poor use of inhalers and COPD exacerbations; hence, tailored interventions to 
address this may also serve to reduce long-term outcomes associated with poor medicines management such as 
higher rates of hospitalisation, increased length of stay, and greater healthcare expenditure associated with care for 
these patients.11,12 To design such interventions, it is important to first quantify the magnitude of the problem, which 
in this case specifically relates to medication adherence (MA). Only 50% of the individuals living with a chronic 
condition are estimated to adhere to their treatment regimens,13 with even lower estimations (<40%) reported among 
people living with COPD.14 However, understanding these figures alone does not help to delineate the multi- 
factorial elements that contribute to poor MA. Behavioural and psychosocial factors such as forgetfulness, poor 
inhaler technique or recognition of therapeutic benefit, and a poor patient–clinician relationship can all have 
a cumulative negative impact on an individual’s ability to take their medicines.15,16 Therefore, it is essential to 
identify poor adherence and its causative factors for each individual patient in order to deliver truly tailored MA 
interventions.

One such example of a tool that can identify non-adherence includes the Morisky Medication Adherence Scale 
(MMAS-8), an example Patient-Reported Outcome Measure (PROM), validated in a number of conditions that assesses 
MA using several Likert scale items which are designed to evaluate and quantify medicine-taking behaviours, for 
example forgetfulness.17 PROMs have seen growing interest over recent years owing to their generally simple design and 
ease of implementation, as well as their adaptability to measure specific factors related to an intended outcome. However, 
this simplicity also runs the risk of unidimensionality, or taking too narrow an approach to examining predictors of MA. 
Martin et al18 highlight that PROMs are subject to moderate-high result variability, even within the same sample 
population. Hence, a multi-faceted approach is necessary to capture a patient’s true experience of MA, which almost 
always presents as a complex overlap of numerous causative factors, as seen in COPD, that can rarely be addressed in 
isolation.

The initial model to holistically address four key drivers of MA, known as SPUR, was developed by Observia, 
an e-health organisation based in Paris.19,20 The four key domains of MA termed Social, Psychographic, Usage, and 
Rational comprise the 45-item measure and can be used to evaluate individual factors and behaviours related to 
non-adherence.21,22 Recently, a shorter 27-item version of the SPUR tool (SPUR-27) was validated for patients 
living with type 2 diabetes in a UK study by Wells et al.23 The revised 27-item model demonstrated greater 
reliability than the original SPUR-45 tool as well as significant correlations with objective and PROMs of MA in 
addition to socio-clinical factors such as body mass index (BMI) and income. The psychometric properties of the 
tool, as well as its relationship to patient socio-clinical factors, have yet to be evaluated in patients living with 
COPD.
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Materials and Methods
Study Aim, Design and Ethical Approval
This study aimed to evaluate the psychometric properties of the adapted SPUR-27 as a holistic measure of MA in COPD, 
in addition to investigating the relationship between SPUR-27 and socio-clinical factors related to MA, such as disease 
severity, body mass index (BMI), the number of prescribed medicines and number of comorbidities.

This follow-up cross-sectional study to VMATT223 was conducted in a hospital inpatient setting in London, England, 
from January to December 2021. The study (VMATC) protocol and relevant documentation were submitted via IRAS 
(ID:285590) for review with approval received from the NHS Health Research Authority (HRA) research ethics 
committee (20/NW/0485) in January 2021. Recruitment was conducted by the lead researcher, who provided each 
participant with a patient information sheet and written consent form. Informed consent was obtained prior to engage-
ment in the study. The present study was conducted in compliance with the ethical principles for research documented in 
the Declaration of Helsinki.

Study Population
Patients over the age of 18 with a COPD diagnosis that were prescribed ≥1 inhaled medication for their respiratory 
condition were considered for the study. Participants had a minimum 6-month history of prescribed medications and were 
able to read and write in English. Participants who reported the following were excluded from the study: too acutely 
unwell to participate, significant co-morbidities that may affect adherence, eg, cancer which is actively being treated, 
severe psychiatric illness, or registration with another study at the time of recruitment that involved an investigational 
medicinal product. Furthermore, patients that were unable to complete the tool independently were excluded from 
participation. However, specific accommodations, eg, printing larger text questionnaires, were made to include patients 
who had appropriate capacity for participation but may have been limited by a functional disability or impaired vision as 
just two examples.

Sample Size
Due to intermittent lockdowns and restrictions to research as a result of the Covid-19 pandemic, the initial recruitment 
phase of the study (6 months) was reduced to 4 months. Based on in-patient data derived from previous annual 
admissions (230–368 patients admitted per year), an optimistic expected admission ratio of 10 patients per week was 
estimated, providing a total sample of 160 patients over the 4-month period. A sample from a previous pilot (n=10) of 
COPD patients on the Trust acute admissions unit found that 30% (n=3) were too acutely unwell to participate in survey- 
based research and/or reported an excluding factor. Therefore, roughly 25–30% (n=40–48) were expected to be ineligible 
due to being acutely unwell, receiving active cancer treatment or having a significant excluding co-morbidity, eg, 
dementia. Raosoft24 produced a final minimum sample size (5% margin of error, 95% CI) of 92 participants, which 
was rounded to 100 for the final study sample.

Research Instrument
The English version of the original 45-item SPUR was used in the study, with the methods for development of the model 
being reported previously.19,23 The tool is a holistic PROM of MA that contains generic wording which can be adapted 
for use with target chronic conditions; hence, this study replaced “type 2 diabetes” with “COPD” throughout the 45-item 
instrument. However, previous work by Wells et al23 provided evidence for the psychometric properties of a more 
concise 27-item version of the main questionnaire titled, SPUR-27. Therefore, only the results for SPUR-27 tool (derived 
from completion of the original 45-item SPUR questionnaire) were evaluated in patients living with COPD. Validation of 
the SPUR-27 model for type 2 diabetes took place during recruitment for the VMATC study; hence, despite participants 
completing the entire 45-item tool, this study reports on the most relevant results of the more recently validated and 
concise SPUR-27 model.

Additional items were included to capture the socio-demographic information of participants including their residen-
tial status and whether they received a package of care. Relevant clinical data were also captured such as smoking status, 
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the number of prescribed medicines including inhaled therapy and oral medications for respiratory disease, co- 
morbidities, COPD symptom severity, COPD exacerbations, use of rescue packs (combinations of antibiotics and 
steroids), and the number of GP visits. These data were either self-reported or recorded with consent from the hospital 
electronic patient record (EPR). Data for models/tools used to classify and characterise COPD, such as GOLD25 and the 
MRC Dyspnoea scale,26 as well as lung function tests including FEV1 and FVC, were collected where available from the 
EPR. All retrospective data were considered eligible if reported within the previous 12 months prior to study 
participation.

Factor Analyses
Both Exploratory Factor Analysis (EFA) and Partial Confirmatory Factor Analysis (PCFA) were conducted on SPUR-27 
tool in line with COSMIN guidance for cross-validation of PROMs in a new condition.27 The Kaiser–Meyer–Olkin 
(KMO) measure of sampling adequacy and Bartlett’s test of sphericity were used to determine database eligibility. Visual 
inspection for an inflection point in scree plots were utilised to identify initial factors. EFA was conducted using Principle 
Components Analysis (PCA) with Direct Oblimin rotation; factor loadings >0.32 were considered valid.28 PCFA was 
performed using Maximum Likelihood Analysis (MLA). Fit indices including normed fit index (NFI), comparative fit 
index (CFI), Tucker–Lewis index (TLI), and root mean square error of approximation (RMSEA) were calculated. A value 
≥0.9 was expected for NFI, CFI and TLI and <0.08 for the RMSEA value.29,30

Reliability
Cronbach’s alpha (α) was calculated as an internal consistency estimate of reliability for both the whole SPUR-27 tool, as 
well as for individual factors, with an alpha ≥0.8 considered as strong evidence of reliability. Item-Total Correlations 
(ITCs) and Intraclass Correlation Coefficients (ICC) were calculated, with a value >0.5 considered acceptable for the 
latter.31

Construct Validity
Construct validity was established by comparing SPUR-27 scores with the previously validated 4-item Inhaler Adherence 
Scale (IAS).32 The IAS provides an indication of adherence to inhalers based on a mean score across the 4 items, with 
a result of 5 indicating adherence.

Concurrent Validity
The Medication Possession Ratio (MPR), a crude objective measure of medication adherence, was compared with SPUR- 
27 scores to examine concurrent validity. MPR was derived from either the Summary Care Record (SCR), an electronic 
system of primary care patient data, or their EPR. An MPR ≥80% was the cut-off for determining a participant as 
adherent.33 The following formula was used to calculate MPR:

Known Group Validity
Known group validity properties were measured by examining expected relationships (Spearman’s Rank Correlations) 
between medication adherence and socio-clinical factors. It was hypothesised that a relationship would exist between 
adherence scores and patient age, income, comorbidity burden, the number of respiratory medicines, COPD exacerba-
tions, use of rescue packs, and the number GP visits. A Chi-Square analysis (χ2) was conducted to evaluate the dynamic 
between adherence scores and the severity of COPD symptoms experienced by the patient. COPD symptom severity was 
assessed using the COPD Assessment Tool (CAT), with scores of 0–19 classified as low-medium and scores ≥20 
classified as high–very high. SPUR-27 defined adherence as total scores ≥80%.23 It was expected that those participants 
with higher adherence scores would report lower CAT scores due to reduced symptom severity. It was also expected that 
patients with less severe COPD (lower GOLD classification, lower MRC score, and better lung function results) would 
report higher adherence.
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Results were treated as a non-parametric given the small sample size; therefore, a Kruskal–Wallis H-test was used to 
examine between-group differences for SPUR-27 scores and all socio-demographic data that were collected as ordinal or 
categorical variables.

Cut-off Determination
Receiver operating curve (ROC) and area under the curve (AUC) procedures were used to produce an ROC-AUC 
analysis for determining a cut-off value with the highest sensitivity vs lowest inverse specificity.34

Adequacy Testing
Data were generated to determine the sensitivity and specificity of SPUR-27. Furthermore, predictive values (positive 
and negative) were included in the adequacy analysis.

Data Analyses
Data were analysed using IBM SPSS Software Version 26.0 for Windows. Spearman’s rank correlation coefficient (p) 
was used to examine significant correlations (p<0.05). Continuous data are expressed as a mean (x) and standard 
deviation (SD). Categorical data are reported as sample number (n) and percentage (%).

Results
Study Sample Characteristics
A total of 100 patients participated in this study out of 123 that were approached, providing a response rate of 81.3%. Age, 
education, and income were collected as ordinal data and are reported as such (Table 1). The modal age range was 70–79 
years (41%, n=41). Participants were predominantly White (90%), educated to GCSE level or equivalent (51%), and 
classified as retired (76%). Female participants represented slightly over half the sample (52%). Over two-thirds (67%) of 
the study sample reported that they were ex-smokers, with an average pack-year history across both smoking and ex-smoking 
participants of 39.33 ± 26.03 (Table 2). Body Mass Index (BMI) data were available for the entire sample, with a mean score 
of 27.38 ± 6.88 kg/m2 indicating that study participants were predominantly overweight based on BMI classification.

Factor Analysis
For EFA, the initial KMO measure of sampling adequacy was 0.752 (>0.7) and Bartlett’s test of sphericity was significant 
(χ2 = 1489.802, p < 0.001). An 8-factor solution was obtained with eigenvalues >1 that explained 62.2% of the variance. 
However, the rotated model found one item with a loading <0.32 (Item 29). Once removed, an 8-factor solution was 
observed, with Item 33 loading as the sole item on factor 8, which was deemed inadequate. Removal of Item 33 produced 
a 7-factor rotated solution, with only 2 items loading onto factors 5 and 6.

For comparison, the EFA was conducted on the SPUR-27 model using PCA while fixing the number of factors at 7. 
The 7-factor solution obtained explained 68.9% of the variance, with all 27 items observing loadings >0.32.28 Only 2 
items were loaded onto Factor 7; however, the average loading was 0.666. The PCA 7-factor solution was retained for 
further analysis (Table 3).

PCFA using MLA was performed using the same rotation. The implied model χ2 value was reported at 280.956, df = 
183. These values were used to determine incremental fit indices: NFI (0.96), TFI (0.97) and CFI (0.93) were all reported 
as >0.9 in addition to the RMSEA, which was <0.08 (0.059).

Notably, the SPUR-27 model in this population observed items loading onto different factors from those observed in 
the previous type 2 diabetes cohort.23 For example, item 6 that is currently mapped to factor 1 was previously designated 
under the Usage domain and under Factor 5 in the former study. When comparing the type 2 diabetes and COPD models, 
continuity of item-to-factor mapping occurred for 18/27 items (66.7%) in this factor structure for VMATC.
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Table 1 Sample Demographic Characteristics

Parameter Number (n, %) Mode

Age (n=100) 70–79

18–29 0

30–39 0

40–49 2, 2.0

50–59 8, 8.0

60–69 14, 14.0

70–79 41, 41.0

80+ 35, 35.0

Gender (n=100) Female

Male 48, 48.0

Female 52, 52.0

Other 0

Ethnicity (n=100) White

White 90, 90.0

Black 3, 3.0

Asian 2, 2.0

Mixed 2, 2.0

Other 3, 3.0

Income (n=100) Retired

<£14,999 3, 3.0

£15,000–£24,999 3, 3.0

£25,000–£34,999 3, 3.0

£35,000–£44,999 3, 3.0

£45,000–£54,999 0

£55,000–£64,999 0

£65,000-£74,999 1, 1.0

>£75,000 1, 1.0

Unemployed 10, 10.0

Retired 76, 76.0

Education (n=100) GSCE or equivalent

No formal education 15, 15.0

GCSE or equivalent (16 years) 51, 51.0

A-Level or equivalent (17–18 years) 22, 22.0

(Continued)
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Table 2 Sample Socio-Clinical Characteristics

Parameter Number (n, %) Mean ± SD Range Mode

Smoking Status (n=100) Ex-smoker

Smoker 22, 22.0

Ex-smoker 67, 67.0

Never smoked 11, 11.0

Pack-yearsa 89, 89.0 39.3 ± 26.03 1–150 30

Clinical Factors (n=100)

BMI (kg/m2) 27.34 ± 6.88 12.5–46.7 23.97

Number of COPD medicinesb 2.69 ± 1.16 1–5 2

Number of conditions 7.69 ± 3.59 2–18 9

Number of COPD exacerbations (12 months) 1.93 ± 2.80 0–20 0

Number of rescue packs (12 months) 1.28 ± 2.22 0–12 0

Number of GP visits (12 months) 2.24 ± 3.49 0–12 1

Notes: aOne pack year equals 1 year of smoking 20 cigarettes, or equivalent, per day. bIncludes any prescribed medicine for COPD, eg, inhaled therapies 
or oral dosage forms. 
Abbreviations: SD, standard deviation; BMI, body mass index; COPD, chronic obstructive pulmonary disease; GP, general practice.

Table 1 (Continued). 

Parameter Number (n, %) Mode

Bachelor’s degree or equivalent (3-year degree) 8, 8.0

Post-grad degree or equivalent (master’s, PhD, etc) 4, 4.0

Residential status (n=100) Lives alone

Lives alone 48, 48.0

Lives with a family member 47, 47.0

Residential home 2, 2.0

Nursing home 3, 3.0

Receiving a package of carea (n=100) No package of care

No package of care 74, 74.0

Daily 5, 5.0

Twice a day 5, 5.0

Three times a day 3, 3.0

Four times a day 5, 5.0

24-hour care 8, 8.0

Notes: aA package of care may include social care support activities eg personal care or support with daily activities 
such as cooking or leaving the house. 
Abbreviations: GCSE, general certificate of secondary education; PhD, Doctorate of Philosophy.
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Item and Mean Score Distribution
SPUR questionnaire items ranged from 1 to 5, with a higher score indicating a greater likelihood of adherence. The 
observed item scores demonstrated a predominantly left-skewed distribution with a range of 3.44–4.74 and mean total 
score 4.19 ± 1.09. The mean SPUR-27 score was 83.82 ± 11.53.

Reliability
An internal consistency estimate, reflected as a Cronbach (α) value, was strong (>0.8) for the total SPUR-27 tool (0.893). 
Cronbach’s values for individual factors 1–7 ranged from adequate to strong (0.504–0.850) (Table 4). There were no 

Table 3 SPUR-27 Item Content, Factor Loadings, and Descriptive Statistics

Item Item 
Number

Factor Factor 
Loading

Mean SD Original SPUR 
Domain

Medications for my COPD do not do anything for me.a 22 F1 0.889 4.11 1.05 R

There is no point in taking medications for my COPD.a 24 F1 0.849 4.23 0.95 R

My treatment helps my COPD. 23 F1 0.834 4.50 0.93 R

My COPD is likely to get worse if I do not follow my treatment plan 25 F1 0.612 4.43 0.95 R

I believe I can stop my treatment for my COPD when I feel better (R). 17 F1 0.611 4.31 1.20 R

Sometimes I do not follow my treatment plan exactly.a 10 F1 0.481 3.44 1.50 U

I will have to take a treatment for my COPD for the rest of my life. 8 F1 0.459 4.74 0.68 R

My COPD affects my social life.a 2 F2 0.817 3.93 1.44 S

My COPD affects my relationships with those I care about.a 1 F2 0.754 3.44 1.62 S

I find it easy to manage the different medications I take. 15 F2 0.438 4.45 0.90 U

My COPD should be taken seriously. 18 F2 0.429 4.72 0.82 R

I am able to follow my treatment plan. 12 F3 0.844 4.18 1.05 U

I am the kind of person who will follow their treatment plan exactly. 7 F3 0.817 4.52 0.79 U

I find it easy to follow my treatment plan when I am not at home. 13 F3 0.636 3.82 1.47 U

Following my COPD treatment plan lets me do the things I want to do. 26 F3 0.411 3.68 1.25 R

Precisely following doctors’ recommendations is the best way for me to stay healthy. 4 F4 0.928 4.30 1.06 P

If my doctor recommends that I do something, I do it. 9 F4 0.875 4.19 1.02 P

I trust the doctors’ recommendations. 5 F4 0.845 4.68 0.68 P

It is essential that I follow my treatment plan. 6 F4 0.384 4.28 1.00 P

My treatment affects my sex lifea 19 F5 0.789 4.22 1.12 S

I find it easy to get my treatment for my COPD. 11 F5 0.723 4.22 1.29 U

I have found ways to deal with my COPD. 27 F5 0.484 3.73 1.40 U

I am satisfied with the level of information I have about my COPD. 20 F6 0.836 4.24 1.10 R

I am satisfied with the level of information I have about my treatment. 14 F6 0.795 4.28 1.11 R

I completely understand my COPD. 21 F6 0.536 3.79 1.30 R

I find it easy to take my medications for my COPD. 16 F7 0.725 4.44 0.91 U

Fighting for my health is my highest priority. 3 F7 0.606 4.29 1.08 P

Note: aReverse coded item. 
Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary disease; S, Social Domain; P, Psychographic Domain; U, Usage Domain; R, Rationale Domain.
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items that if removed would have led to an increased α for the overall SPUR-27 model. ITCs ranged from 0.263 to 0.652. 
ICCs for SPUR-27 were 0.893 (0.860–0.921, 95% CI) and were deemed acceptable (>0.5). Inter-factor correlations were 
predominantly significant (p<0.05 or p<0.01) and ranged from −0.008 to 0.535 (Table 4).

Construct Validity
When compared with the IAS total score, SPUR-27 demonstrated a significant (p<0.001) strong (>0.6) positive 
correlations (p=0.645) providing initial evidence of construct validity.

Concurrent Validity
When compared with MPR, the SPUR-27 model demonstrated a weak significant (p<0.01) positive correlation providing 
evidence of concurrent validity (p=0.295).

Known Group Validity
The SPUR-27 model demonstrated a significant (p<0.01) weak positive correlation with patient income (ρ=0.269) and 
a weak negative correlation with the number of COPD exacerbations reported in the 12 months prior to study 
participation (ρ=−0.201). A positive correlation was observed with age, and a negative correlation with the number of 
respiratory medicines, number of comorbidities, number of GP visits, and number of rescue packs within the previous 12 
months; however, these data were not significant (p>0.05).

Results for GOLD COPD classification, MRC Dyspnoea scale scores, and lung function tests (FEV1/FVC) were 
available for <5% (n=4/100) of the study sample and were therefore excluded from the analysis. No significant difference 
(p>0.05) in SPUR-27 score was observed between groups based on socio-demographic characteristics, residential status 
or those receiving differing levels of social care support.

When cross-tabulating adherence scores and COPD symptom severity (CAT score), SPUR-27 observed a significant 
(p<0.01) Chi-Square (χ2) value (χ2 =8.570); hence, known group validity was established. Figure 1 demonstrates the 
distribution of adherent vs non-adherent patients against CAT score responses.

Cut-off Determination
The ROC curve (Figure 2) compared SPUR-27 and MPR scores against the IAS as a reference. As per Wells et al,23 

previous validation report for the SPUR-27 model, MPR was demonstrated to be a poor predictor of adherence; hence, 
a decision was made to use a validated PROM of MA (IAS) for the ROC-AUC analysis. Adherence assessed on IAS was 
poor with a positive:negative case ratio of 36:64 with positive cases defined as adherent patients. The SPUR-27 model 
observed an ROC-AUC >80%, whereas MPR produced an ROC-AUC of 63.8% (0.531–0.745, 95% CI) (Table 5). Based 

Table 4 Inter-Factor Correlations, and Internal Consistency Estimates, and Descriptive Statistics for All Subscales

Factors Correlations IC Mean ± SD

F1 F2 F3 F4 F5 F6 F7 α

F1 Consequence (R) 1 −0.008 0.417** 0.278** 0.389** 0.216* 0.128 0.850 4.25 ± 1.03

F2 Interpersonal Relationships (S) 1 0.177 0.336** 0.234* 0.528** 0.535** 0.666 4.14 ± 1.20

F3 Adherence behaviour (U) 1 0.524** 0.522** 0.528** 0.329** 0.707 4.05 ± 1.14

F4 Treatment Plan (P) 1 0.529** 0.491** 0.460** 0.829 4.36 ± 0.94

F5 Control (R) 1 0.418** 0.360** 0.682 4.06 ± 1.27

F6 Satisfaction/Knowledge (R) 1 0.459** 0.753 4.10 ± 1.17

F7 Ease of use/access (U) 1 0.504 4.37 ± 0.96

Note: *p<0.05; **p<0.01. 
Abbreviations: IC, internal consistency; SD, standard deviation; (R), Rational domain item; (S), Social domain item; (U), Usage domain item; (P), 
Psychographic domain item.
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on ROC-AUC coordinates, a cut-off value of 87% was determined for SPUR-27 providing a sensitivity of 0.806 and 
inverse specificity of 0.281.

As a new cut-off score was determined for SPUR-27, the Chi-Square analysis was repeated to determine adequacy of 
known-group validity vs the CAT score. The χ2 value was 8.903 (p=0.003); hence, known group validity could be 
established using the new cut-off score (Figure 3).

SPUR Model Adequacy
Sensitivity and specificity data vs IAS scores were generated for SPUR-27 using the original >80% score and new ≥87% 
cut-off determinant score (Table 5). Sensitivity and specificity were also examined for the MPR as a comparator against 
the models. SPUR-27 (87 cut-off) observed sensitivities and specificities >70.0%. Predictive values (±) are also reported 
in Table 6. SPUR-27 (87 cut-off) provided the most consistent scores across the three examined outcomes.

Discussion
This study aimed to provide evidence for the psychometric properties of the SPUR model in patients living with COPD. 
SPUR-27, a shorter model that has previously demonstrated greater reliability and strong psychometric properties in 
patients living with in type 2 diabetes23 was used as the predominant model in the analysis. The study has provided 
evidence for the psychometric properties of the SPUR-27 model in this population whilst also identifying potential 
limitations with the cross-cultural validation of the tool.

Factor analyses for the short-form SPUR-27 model was performed in accordance with COSMIN guidelines for cross- 
validation.27 EFA provided an initial 8-factor solution that reduced to seven factors following item removal. However, 
two factors with only two items were identified in the rotated solution. This finding was not concordant with previous 
validation, and such factors are at risk of instability, particularly with smaller sample sizes.35 A fixed 7-factor PCA on the 
original SPUR-27 tool provided an improved rotated solution, with a single factor with two loadings – these items were 
highly correlated and hence provided justification for inclusion of the 7-factor PCA model.36 Values for fit indices 

Figure 1 SPUR-27 distribution of adherent and non-adherent patients by CAT score. Light blue columns = Patients reporting a low-medium CAT score; Green columns = 
Patients reporting a high–very high CAT score (scores of 0–19 are classified as low–medium and scores ≥20 classified as high–very high). 
Abbreviation: CAT, COPD assessment test.
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including NFI, TLI, CFI (>0.9) and RMSEA (<0.08) met the expected thresholds to determine good factor-structure fit, 
providing additional evidence for suitability of the 7-factor solution. There were differences in item-factor loading 
between the 7-factor type 2 diabetes and COPD models. This result demonstrates some incongruence between the 
populations. This may in part be attributed to the smaller sample size used in this study or reflective of stark differences 
between patients’ experiences of MA when comparing living with COPD or type 2 diabetes; these findings may 
ultimately lead to less delineation between factors and warrant further investigation within a larger population.

Early evidence for construct validity was observed using the previously validated IAS measure. A significant 
moderate correlation (>0.6) was observed when comparing SPUR-27 with the IAS.37 Internal consistency estimates 
for SPUR-27 were strong (>0.8), without exceeding a threshold of >0.9 that may suggest redundancy of items or the need 
for a shorter scale.38,39 When compared to the original validation scores of the IAS, SPUR-27 demonstrated a greater 

Figure 2 ROC curve. Sources for ROC; red line = reference line; blue line = MPR; green line = SPUR-27. The ROC is indicative of the AUC with results closer to 1 (100%) 
indicating a greater ability to distinguish between groups. 
Abbreviations: ROC, Receiver operating characteristic; MPR, medication possession ratio; AUC, area under the curve.

Table 5 ROC-AUC Analysis

Test Result Variable(s) Area Std. Error Asymptotic Sig. Asymptotic 95% Confidence Interval

Lower Bound Upper Bound

MPR 0.638 0.055 0.022* 0.531 0.745

SPUR-27 Total Score 0.809 0.043 0.000** 0.725 0.893

Note: *p<0.05; **p<0.01. 
Abbreviations: ROC-AUC, Receiver operating characteristic–area under the curve; MPR, medication possession ratio.
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internal consistency estimate (0.89 vs 0.83) and similar correlations with an objective MA measure (p=0.30 vs 0.35), 
such as MPR. Previous studies using MPR have highlighted the tendency for over-estimation of MA with this 
methodology.40 As the study recruitment was affected by Covid-19, the increased dispensing and remote delivery of 
medicines potentially exaggerated MPR values.23 However, in this sample, SPUR-27 observed a weak significant 
correlation with MPR. This finding is in contrast to previous work by Tommelein et al41 that found no significant 
correlation between refill adherence (MPR or equivalent) and MARS-5, a PROM that is commonly used to self-report 
MA among patients living with COPD.42–44 Furthermore, within this study, the correlation between SPUR-27 and MPR 
was in fact greater than the correlation values reported in previous studies for SPUR-27, which included additional 
validated PROMs; hence, early evidence of concurrent validity was observed in this sample.

The impact of socioeconomic status, comorbidity burden, and polypharmacy on medication adherence in COPD is 
well documented.45–48 Despite this, the specific relationship between income and MA is less established in UK 
population. In this study sample, a significant positive correlation between income and MA using SPUR-27 was 
observed. The discourse on income and MA relates predominantly to US populations who access a paid/insurance- 
based healthcare model, whereby low-income has been associated with poor MA in patients living with COPD.49,50 UK 

Figure 3 SPUR-27 distribution (87-point cut-off) of adherent and non-adherent patients by CAT score. Light blue columns = Patients reporting a low–medium CAT score; 
Green columns = Patients reporting a high–very high CAT score (scores of 0–19 are classified as low–medium and scores ≥20 classified as high–very high). 
Abbreviation: CAT, COPD assessment test.

Table 6 Tests for SPUR-27 Model Adequacy

SPUR-27 SPUR-27 (87 Cut-off) MPR

Sensitivity (%) 43.8% 70.3% 39.1%

Specificity (%) 97.2% 80.6% 91.7%

Positive Predictive Value (%) 49.3% 60.4% 45.8%

Negative Predictive Value (%) 96.6% 86.5% 89.3%

Abbreviation: MPR, medication possession ratio.
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data are sparse; however. the link between income and MA has been previously identified in Danish populations with 
a similar healthcare model.48 In terms of other socio-demographic factors, it was predicted that the MA would also 
increase with age, and conversely decrease with an increasing number of comorbidities and prescribed medicines. 
Bivariate correlations for these relationships matched predicted effect directions; however. the findings were not 
significant. Vetrano et al45 highlight for stable convergence of correlations that a sample size of approximately 250 
participants should be used. In this study, due to Covid-19, only 100 patients were recruited. Hence, the ability to detect 
correlated sample effects may have been limited. However, EFA conducted with samples ≤50 have been previously used 
and validated.51 Even with a small sample, Chi-Square analysis of MA vs symptom severity demonstrated a significant 
relationship between poor MA and increasing symptom severity. This finding was concordant with the literature and it 
constituted a key aim for developing the SPUR measure to address the relationship between MA and socio-clinical 
factors, such as COPD symptom severity and exacerbation risk.4

Previous validation of SPUR-27 did not provide guidance on a scoring methodology, therefore an ROC-AUC analysis 
was conducted to provide adequate data to determine an appropriate cut-off score.34 An ROC-AUC value of >0.8 was 
used as determination of a good test result.52 SPUR-27 reported an encouraging result >0.8 versus the reference IAS 
score. Using this method, a new cut-off score of 87 was determined for SPUR-27. Known group validity was 
reestablished using Chi Square analysis between the CAT score and SPUR-27, which provided a significant result. 
The new cut-off score was an important step of the validation process owing to the vast improvement in model adequacy 
for SPUR-27. The initial SPUR-27 cut-off determinant provided highly specific but poorly sensitive results, performing 
comparatively to the MPR methodology. However, with determination of the new cut-off score, SPUR-27 observed 
improved sensitivity and specificity with values >70%. In a pooled analysis of MMAS-8 validation studies, with MMAS- 
8 considered a gold standard PROM of MA, sensitivity and specificity were reported as 0.43 (0.33–0.53, 95% CI) and 
0.73 (0.68–0.78, 95% CI), respectively.53 SPUR-27 was therefore acceptably sensitive (70.3%) and specific (80.6%) to 
MA, particularly when compared with similar PROMs reported in the wider literature such as MMAS-8.

The results of the study indicate strong psychometric properties of SPUR-27 to reliably assess MA in patients living 
with COPD. With this early evidence of psychometric properties for SPUR-27 in this population, future work should 
seek to support the development of tailored MA interventions as discussed by Dolgin.19 The applicability of SPUR-27 
model may also extend to settings such as community pharmacies, GP surgeries, and social care facilities (eg, nursing/ 
residential homes) as a self-report measure than can facilitate the early identification and characterisation of poor MA and 
the risks associated with worsening COPD symptom severity as identified in this study sample. Proactive monitoring of 
MA and health status in these patients may also have positive health economic and quality of life outcomes that future 
validation studies may look to address such as a reduction in hospitalisation or COPD exacerbations.

There were several limitations in this study. Due to the Covid-19 pandemic, there was a significant impact on the 
recruitment period that resulted in a small sample size; hence, the study results should be treated cautiously. This is 
particularly true given the impact on the availability of routinely collected clinical data such as GOLD, MRC and lung 
function tests, which had not been reported as frequently during the Covid-19 pandemic that limited some of the analysis 
for this sample. Furthermore, due to the pandemic, patients were unable to be seen for follow-up testing given that the 
risk of Covid-19 outweighed the benefit of reattendance for a non-interventional study. This limited the capacity to 
conduct a test–retest reliability evaluation for this sample. Most participants in this study were >70 years of age. 
Although participants were only included if they could complete the study independently and were recruited by an 
experienced healthcare professional, the inclusion of a validated model to assess cognitive deficiency, such as the mini 
mental-state examination (MMSE) would have benefitted the current study. Although this model observed strong 
psychometric properties and the ability to discriminate between adherent and non-adherent patients in this sample, the 
factorial structure of the SPUR-27 tool in this study was also subject to incongruence when compared to the previously 
validated model. Future research should look to expand the sample size to provider further evidence for confirmation of 
a consistent factor structure, as well as providing an opportunity to apply a test–retest approach to determine suitability of 
the measure for this validity criterion.
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Conclusion
This study has demonstrated the strong psychometric properties of SPUR-27 version in patients living with COPD. This 
is the first study to demonstrate psychometric properties of the SPUR model in patients who report a chronic respiratory 
condition that predominantly relies on inhaled pharmacotherapy. Furthermore, this study employed both a comparative 
PROM and objective measure of adherence to improve the reliability of the results in this population. Future studies 
should look to explore cross-cultural validation in additional comorbidities for wider application of the tool, as well as 
future translation of SPUR measures for implementation in different sample populations beyond those with English as 
their first language. Furthermore, future work should look to explore the relationship between the SPUR model and 
psychological comorbidity given the extensive evidence of the latter’s impact on both MA and quality of life in patients 
living with COPD.
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