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ABSTRACT
Aim Early morning symptoms (EMS) in people with
COPD are associated with poor health, impaired
activities and increased exacerbation risk. We describe
the development and preliminary validation of the
Manchester Early Morning Symptom Index (MEMSI) to
quantify EMS in COPD.
Methods Focus groups and cognitive debriefing with
patients with COPD were used to develop the potential item
list, followed by a cross-sectional study to finalise the items
for inclusion. In addition to test-retest reliability,
comparisons with the St George’s Respiratory
Questionnaire-C (SGRQ-C), modified Medical Research
Council Dyspnoea Scale, Functional Assessment of Chronic
Illness Therapy Fatigue Scale (FACIT-F) and Hospital Anxiety
and Depression Scale (HADS) evaluated construct validity.
Hierarchical methods informed item deletion and Rasch
analysis was applied to assess scale unidimensionality.
Results 23 items were identified from the focus groups
and debriefings. The cross-sectional study involved 203
patients with COPD (mean age 64.7 SD 7.5 years, male
63%, Global Initiative for Chronic Obstructive Lung Disease
(GOLD): 1:14% 2:41% 3:25% 4: 7%). 13 items were
removed during item reduction. MEMSI contains 10 items,
demonstrates good overall fit to the Rasch model (χ2

p=0.26) and item score distribution; excellent reliability
(Person Separation Index: 0.91) and good test-retest
repeatability (r=0.82). It correlates with the SGRQ-C
(r=0.73), FACIT-F (r=−0.65) and HADS (r=0.53–0.54)
indicating good construct validity.
Conclusions MEMSI is a reliable and valid
unidimensional measure of EMS for patients with COPD. It
is simple to use and score supporting its suitability for
research and clinical use. Work is underway to determine
the minimal clinical important difference and cross-cultural
validity.

INTRODUCTION
For many patients with COPD, their symptoms are
worse at the start of the day.1 Common early
morning symptoms (EMS) include cough, sputum
production, shortness of breath and tiredness.2

which are associated with exacerbations, activity
limitation and poor health status,3 but there are
few rigorously developed and validated patient
reported outcome measures (PROMs) to assess
EMS in COPD. The aim of this study was to
develop and assess the reliability and validity of a
new PROM to assess the presence and frequency of
EMS in patients with COPD.

METHODS
There were four stages in the development process:
(1) Item generation. (2) Cognitive debriefing.
(3) Hierarchical item reduction and Rasch analysis.
(4) Preliminary reliability and validity testing with
established measures of disease severity and related
constructs. The process was designed to be compat-
ible with US Food and Drug Administration
guidance.4

Participants were recruited from a research data-
base of primary and secondary care patients with
COPD (n≥800). Potential participants were con-
tacted by telephone to ascertain their interest in
taking part and then invited to attend a study
appointment.
Inclusion criteria were: male and female patients

aged 40 years or older diagnosed with COPD using
established criteria:
▸ FEV1 <80% of predicted normal
▸ FEV1/FVC <0.70
▸ symptoms consistent with COPD.
Airflow limitation was graded according to post-

bronchodilator FEV1 spirometry. Patients with
▸ FEV1 ≥80% predicted were classified as Global

Initiative for Chronic Obstructive Lung Disease
(GOLD) Grade 1 (Mild)

Key messages

What is the key question?
▸ Early morning symptoms in COPD are

associated with poor health outcomes but
there are currently very few validated
instruments that are able to measure this.

What is the bottom line?
▸ We have developed and validated the

Manchester Early Morning Symptoms Index
(MEMSI) a simple 10-item unidimensional
measure designed to capture symptoms
specifically relevant to patients with COPD.

Why read on?
▸ The article describes the development and

validation of MEMSI which, in addition to
recording the presence and frequency of early
morning symptoms in COPD, can also be used
to evaluate treatments.
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▸ 50%≤ FEV1 <80% predicted GOLD 2 (Moderate)
▸ 30%≤ FEV1 <50% predicted Grade 3 (Severe)
▸ FEV1 <30% predicted Grade 4 (Very Severe).5

Past and current smokers (≥10 pack-year smoking history)
were eligible to participate.

Patients were excluded if they had a chest infection in the pre-
vious 3 months; any other respiratory illness such as asthma,
cystic fibrosis and lung cancer; insufficient English skills to give
informed consent or regularly engaged in activities that could
interrupt sleeping patterns and hence their experience of EMS
(eg, night shift workers).

Stage 1: item generation
Using a focus group format, participants were invited to talk
about the experience of EMS and their impact including impair-
ments in daily functioning.6 The groups were facilitated by two
of the authors ( JY and APG), audio-recorded, transcribed verba-
tim and anonymised. The transcripts were analysed using a
modified content analysis approach7 to produce a provisional
item list that highlighted participants’ key concerns about EMS.

Stage 2: cognitive debriefing
Additional participants than in stage 1 were invited to partici-
pate in cognitive debriefing interviews, based on the PROMIS
(Patient-Reported Outcome Measurement Information System)
Questionnaire Appraisal System guidelines.8 This was to ensure
the provisional items were clear and accurately reflected EMS in
COPD. Other topics included layout, format acceptability, item
scaling and optimal recall period. The interviews were facilitated
by one of the authors (APG) Cognitive interview transcriptions
were reviewed by one of the authors (APG) for issues related to
comprehension, format and response options. Problematic items
were considered at a PROM development meeting attended by
all authors for revision or deletion. The results of stages 1 and 2
were combined to produce a first draft list of items.

Stage 3: item reduction
A new group of patients with COPD (with the same selection
criteria) completed the draft item list to identify the most reli-
able and valid items to retain.9 10 All participants attended the

Medicines Evaluation Unit to complete the study questionnaires.
Participants were provided with guidance on how to complete
the questionnaire and reminded to focus on their experience of
EMS associated with COPD. On completion, all documents
were checked for errors and omissions. As we did not have
access to recent medical records, information on comorbidities
was not available. Items were removed if they demonstrated:
▸ significant correlations with age (Pearson’s p<0.05)
▸ gender differences in individual item responses (Mann-

Whitney U test p<0.05)
▸ high item-item correlations (>0.7)
▸ item-total correlations <0.6
▸ poor discrimination between different severities of COPD

(t test p<0.05).
Items surviving the hierarchical testing were subjected to

Rasch analysis to examine how well they contributed to the
underlying construct of ‘EMS’. Individual item fit was tested
using residual and χ2 fit statistics and items with poorest fit to
the Rasch model were removed.11 12 The process continued
until fit to the Rasch model was achieved, indicated by a non-
significant person item trait χ2 statistic (p>0.05).

Distribution of patient and item thresholds distribution maps
were used to show the distribution of frequency of EMS and
item frequency (locations) along a linear (logit) scale. Items that
span the full range of person estimates with most items located
within ±2 logits indicate a well-targeted scale.12

Stage 4: psychometric testing
Stages 3 and 4 were completed simultaneously, so at the same time
as completing the draft Manchester Early Morning Symptoms
Index (MEMSI), participants also completed questionnaires
regarding related constructs to test construct validity. These were
the Functional Assessment of Chronic Illness Therapy Fatigue
Scale (FACIT-F);13 Hospital Anxiety and Depression Scale
(HADS);14 St George’s Respiratory Questionnaire-C (SGRQ-C)15

and the modified Medical Research Council (mMRC) dyspnoea
scale.16 A summary of these measures is provided in online supple-
mentary appendix 1.

To assess the test-retest repeatability, participants were mailed
a second copy of the draft item list. A minimum of 50

Table 1 Participant characteristics for stages 1 and 2

Focus groups (n=36)* Cognitive debriefing (n=9)

Male n (%) 18 (50.0) 4 (44.4)
Age mean (SD) 68.3 (5.2) 66.3 (6.1)
BMI mean (SD) 27.2 (4.8) 28.5 (7.7)
Current smokers n (%) 11 (30.6) 4 (44.4)

COPD duration in years (SD) 7.7 (4.5) 11.2 (4.1)
FEV1% Predicted (%) (SD) 52.1 (18.7) 53.9 (14.1)
FEV/FVC (%) (SD) 47.7 (12.3) 46.9 (19.2)
GOLD Grade 1 n (%) 2 (5.6) –

FEV1% predicted (%) mean (SD) Min and Max 92 (9.9) Min 85 Max 99
GOLD Grade 2 n (%) 14 (38.9) 7 (77.8)
FEV1% predicted (%) mean (SD) Min and Max 61.5 (8.4) Min 50.2 Max 76.0 59.8 (9.0) Min 50.2 Max 74.9
GOLD Grade 3 n (%) 14 (38.9) 2 (22.2)
FEV1% predicted (%) mean (SD) Min and Max 39.8 (4.8) Min 31.5 Max 48.1 33.3 (2.5) Min 31.5 Max 35.1
GOLD Grade 4 n (%) 3 (8.3) –

FEV1% predicted (%) mean (SD) Min and Max 25.6 (0.7) Min 25.2 Max 26.5

*GOLD grades were available for 33/36 patients. Three patients were diagnosed by a physician with COPD but spirometry data on these patients was not available at the time of the
focus groups.
BMI, Body Mass Index; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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participants is recommended to assess test-retest reliability and
150 to provide robust evidence of validity.17 18 Participants also
completed a global rating of change questionnaire. This assessed
the stability of their health (much better; somewhat better;
about the same; somewhat worse; much worse) since their first
study visit. Participants were requested to return the completed
questionnaires within 1 week using prepaid envelopes.19

Intraclass correlation coefficients (ICCs) examined the test-retest
reliability in participants who indicated that their general health
had remained ‘about the same’.

All participants attended the Medicines Evaluation Unit to
complete the study questionnaires. The process was intended to
be compatible with the method used in other pharmacological
and academic studies carried out at the Unit. Participants were
provided with guidance on how to complete the questionnaires
and reminded that the focus of the research was their experience
of EMS associated with COPD. After completing the question-
naires, all documents were checked for completeness. As we did
not have access to recent medical records, information on
comorbidities of patients who participated in the psychometric
testing stage was not available.

Data analysis
Normally distributed data were analysed using parametrical sta-
tistics and presented as means and SDs. Non-parametrical data
are presented as medians and IQRs. Categorical data were ana-
lysed using χ2 statistics. p Values <0.05 were considered statis-
tically significant. All statistical analyses were conducted using
IBM SPSS Statistics for Windows, V.20.0. Armonk, New York,
USA or RUMM2030 (http://www.eumlab.com).

Test reliability (ie, the ability of the measure to discriminate
between different levels of EMS) was assessed from the Person
Separation Index (PSI). PSI coefficients of 0.70 suggest that an
outcome measure has ‘acceptable’, 0.80 ‘good’ and 0.90 ‘excel-
lent’ test reliability.20

ICC examined test-retest repeatability. Values ≥0.7 indicate
acceptable repeatability.21 A Bland-Altman plot was constructed
to show the level of agreement between the two scores.21

Construct validity was assessed by correlating (Pearson’s r) final
item-set total score with the other established and construct
related instruments.

To assess discriminant validity, our a priori assumption was that
there would be a significant incremental increase in total scores for
the new measure per mMRC category and GOLD grade.22

RESULTS
Stage 1 and stage 2 item generation: results of focus group
and cognitive debriefing meetings
Thirty-six patients took part in six focus groups involving
between two and nine participants (table 1). Twenty-three state-
ments relating to EMS were produced covering six broad areas:
(1) Breathlessness; (2) Occurrence and persistence of coughing;

Table 2 Participant characteristics—stages 3 and 4—item-reduction
and preliminary validation

COPD (n=203)

Male n (%) 128 (63.1)
Age (years) 64.8 (7.5)
BMI mean (SD) 27.6 (5.2)
Current smokers n (%) 66 (32.5)
Pack years median (IQR) 41 (27 to 57)
COPD duration in years (SD) 7.5 (5.3)
MOS mean (SD)
Sleep disturbance 39.8 (25.2)
Short of breath/headache 26.2 (27.9)
Sleep adequacy 52.3 (27.4)
Sleep problem index II 41.7 (20.0)

FACIT-F mean (SD) 31.5 (13.1)
HADS mean (SD)
Anxiety 7.4 (4.5)
% with HADS anxiety score >7 48.6
Depression 5.9 (4.3)
% with HADS depression score >7 35.4

SGRQ-C mean (SD)
Total 51.9 (20.9)
Symptom 59.6 (19.5)
Activity 66.2 (27.7)
Impact 40.1 (22.8)

mMRC dyspnoea scale n (%)
0 20 (9.9)

1 64 (31.5)
2 40 (19.7)
3 56 (27.6)
4 23 (11.3)

Lung function
FEV1% predicted (%) 56.6 (18.6)
FEV/FVC (%) 48.3 (13.4)

GOLD n(%)
Grade 1 28 (13.8)
FEV1% predicted (%) mean (SD) Min and Max 87.7 (5.6) Min

80.0-Max 100.1)
Grade 2 83 (40.9)
FEV1% predicted (%) mean (SD) Min and Max 64.0 (7.9) Min

51.1-Max 78.9)
Grade 3 50 (24.6)
FEV1% predicted (%) mean (SD) Min and Max 43.3 (4.5) Min

34.2-Max 49.9)
Grade 4 15 (7.4)
FEV1% predicted (%) mean (SD) Min and Max 23.9 (3.4) Min

21.9-Max 28.6)

BMI, Body Mass Index; FACIT-F, Functional Assessment of Chronic Illness Therapy
Fatigue Scale; GOLD, Global Initiative for Chronic Obstructive Lung Disease; HADS,
Hospital Anxiety and Depression Scale; mMRC, modified Medical Research Council;
MOS, Medical Outcomes Study; SGRQ-C, St George’s Respiratory Questionnaire-C.

Figure 1 Flow chart showing progress through each stage of item
reduction. PROM, patient reported outcome measure.
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(3) Presence and removal of sputum; (4) Mouth dryness;
(5) Medication use; (6) Fatigue and impaired activity.

A further nine patients with COPD participated in the cogni-
tive debriefing sessions (table 1). The participants considered all
the draft items easy to understand and complete, relevant and
meaningful to patients with COPD. One statement was removed
as participants felt it did not specifically relate to mornings, pro-
viding a draft list of 22 items.

Various recall options were considered. An important limita-
tion of longer recall periods is patients’ inability to remember
changes particularly during periods of disease stability. Shorter
recall periods are also problematic due to the episodic nature of
COPD. Participants considered a 1-week interval reasonable to
detect meaningful changes.

Frequency of symptoms was considered the most appropriate
measure of EMS. The participants also agreed that a five-option
Likert-type scale with item symptom frequency options ‘Never’,
‘Rarely’, ‘Sometimes’, ‘Often’ and ‘Always’ was relevant and
easy to understand.

Stage 3 item reduction
Two hundred and three patients with COPD completed the
questionnaire pack used for stage 3 and stage 4 (table 2). Eight
participants indicated they were ‘never’ affected by any of 22
EMS items and were removed from the analysis. Three (1.4%)
failed to respond to any items and were also deleted leaving
192/203 (94.6%) available for hierarchical item reduction.

Four items influenced by age (p>0.05) and one item which
showed a statistically significant gender difference (p=0.029)
were deleted. Two items with item-item correlations >0.8 were
also removed as was one with an item-total correlation <0.6.

After removal of these eight items, a further five COPD parti-
cipants were found to have ‘never’ been affected by any of the
remaining 14 items and so their data were deleted leaving 179
complete data sets that were subjected to Rasch analysis.

Figure 2 Individual items selected for removal. MEMSI, Manchester Early Morning Symptoms Index.

Table 3 Individual fit of the 10-item MEMSI to the Rasch
unidimensional model

Item
Residual
item fit (±2.5)

χ2

p Value (0.05)
Logit: item
severity (location)

Item 8 −1.47 0.08 1.12
Item 4 −0.95 0.07 0.83
Item 10 0.37 0.59 0.52
Item 13 −0.50 0.70 0.43
Item 9 0.87 0.62 0.07
Item 14 1.14 0.13 −0.25
Item 16 1.02 0.55 −0.31
Item 6 1.46 0.96 −0.57
Item 12 0.86 0.68 −0.88
Item 2 −0.59 0.10 −0.95

MEMSI, Manchester Early Morning Symptoms Index.
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Figure 1 shows the progress through each of the item reduction
stages and figure 2 summarises the item removal process.

The 14 items did not initially fit the Rasch model. Four
items with the poorest fit were deleted resulting in a 10-item
scale—MEMSI. The final MEMSI demonstrated good overall
fit with the Rasch model (χ2 26.6; df 20; p=0.26) and a
good distribution of item scores (table 3 and figure 3). Each
item is scored 0 (‘never’) to 4 (‘always’); total score ranges
from 0 to 40. The mean total score for MEMSI in this study
was 14.2 (SD 8.7).

The last column (logit) shows the mean level of severity for
each item. Items are presented in descending order of severity
(negative logit indicates less severe and positive indicates more
severe). This is also depicted graphically in figure 3.

Stage 4: psychometric assessment—10-item MEMSI
MEMSI demonstrated excellent test reliability (PSI=0.91).
Ninety-two (48%) participants completed a second copy of the
draft PROM, and 71/92 (77%) reported that their health had
not changed since completing the original set of questionnaires.
MEMSI showed excellent test-retest repeatability (ICC 0.83
95% CI 0.74 to 0.89) (figure 4).

MEMSI score showed moderate-strong construct validity.
Correlations with measures of related constructs were: SGRQ-C
total score (r=0.73); Symptoms (r=0.62); Activity (r=0.54)

and Impact on daily life (r=0.72) (all p<0.01); fatigue
(FACIT-F r=−0.65 p<0.001) and mood (HADS Anxiety
r=0.53; HADS Depression r=0.54, both p<0.001).

Discriminant validity: There was a progressive increase in
MEMSI scores with mMRC scores (ANOVA F (4181)=19.14
p<0.001) (figure 5). Although total MEMSI scores increased
per GOLD grade the difference was not statistically significant
(ANOVA F (3157)=2.21, p=0.089) (see online supplementary
appendix 2).

DISCUSSION
We have described the development and preliminary validation
of MEMSI. The index has excellent test reliability and test-retest
repeatability. Total MEMSI scores correlated well with measures
of mood (HADS); fatigue (FACIT-F) respiratory problems
(SGRQ-C) and dyspnoea (mMRC) confirming construct validity.
It is simple to complete and score making it suitable for clinical
practice and research.

While there was a significant relationship between MEMSI
scores and self-reported disability due to breathlessness the

Figure 3 Distribution of item thresholds based on a Rasch logit scale.

Figure 4 Bland-Altman plot showing differences between the mean
scores versus the average. MEMSI, Manchester Early Morning
Symptoms Index.

Figure 5 Association between mean MEMSI scores and mMRC
scores. MEMSI, Manchester Early Morning Symptoms Index; mMRC,
modified Medical Research Council.
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association between COPD and disease severity based on
GOLD grades, was less clear. This finding is consistent with
previous studies which have showed that disability due to
breathlessness is common even in patients with mild-moderate
disease.23

Rasch modelling was used to produce a 10-item unidimen-
sional measure of EMS. The Person-item threshold map and
spread of logits indicates that the items represent a higher
degree of EMS than that experienced by our participants. This
is not unexpected as most of our participants were GOLD grade
2. Patients with more severe disease are more likely to report
worse early morning experiences than those with milder
disease.2 This is also reflected in the low mean total score of the
final MEMSI. Future studies should test MEMSI in a population
with more severe COPD.

There is a recognised need for validated PROMS to record
the occurrence, variability and impact of EMS in patients with
COPD.2 Patients consider the morning to be the worst time for
many COPD symptoms.24 Variability in EMS may also help
identify patients at risk of future exacerbations.3 It is also
important to capture EMS in a uniform manner to evaluate
medicines that target early morning respiratory symptoms.

Other EMS instruments, such as the Capacity of Daily Living
during the Morning questionnaire and the Chest Symptom
Questionnaire,25 have been developed previously but have
several limitations. Few participants (n=15) were involved in
the design of these measures which is likely to affect representa-
tiveness and may also have hindered the Capacity of Daily
Living during the Morning from achieving wider regulatory
approval.26

Our development methods were compatible with Food and
Drug Administration principles. In particular our use of focus
groups to generate EMS items for patients with COPD, the item
reduction methods used and the various approaches to assess
the reliability and validity follow recommendations.4 Our ultim-
ate aim was to develop a PROM with minimal respondent
burden without jeopardising the instrument’s reliability, validity
or sensitivity. This has been achieved.

This study has several limitations. Participants were recruited
using a database of patients with COPD living in a predomin-
antly white and socially deprived area and so cultural validity
may be limited. However most of the sample characteristics are
very similar to a pan-European study of primary care patients1

which suggests we recruited a representative sample of people
with COPD. Such patients may also have other conditions
which could produce morning symptoms so the problems they
report may not be specific to COPD. However as the final
items on MEMSI focus on symptoms such as breathlessness,
coughing and sputum production, we are confident that our
methods have produced a COPD-specific measure of EMS.

Unfortunately, as we did not have information available on
comorbidities that could also affect sleep; future research will be
needed to confirm the specificity of MEMSI. This study reports
cross-sectional data only and included a sample consisting
mainly of GOLD grade 2 patients with COPD. Patients with
more severe disease may report worse EMS.2 Further assessment
of MEMSI’s construct validity and sensitivity to change in
people with more severe COPD is required.

CONCLUSION
We have outlined the development and preliminary validation
of a new patient reported measure to detect the presence and
frequency of EMS in patients with COPD that could be used to
evaluate medicines and other interventions. MEMSI has a

robust structure with good test reliability, test-retest repeatability
and validity. Further work is needed to confirm the usefulness
of MEMSI in intervention studies, to confirm the minimal
important difference and establish the cross-cultural validity of
the new index.
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