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Abstract
Background: Questionnaires assessing symptoms in chronic obstructive pulmonary disease (COPD) rely on retrospective
reporting, introducing recall bias and missing symptom variability. Ecological momentary assessment (EMA) addresses these
limitations by capturing real-time symptom data.
Objective: The aim of this study was to compare EMA symptom ratings with traditional questionnaires in patients with
COPD.
Methods: A subsample from the FAntasTIGUE study rated symptoms using questionnaires (visual analog scale, modified
Medical Research Council Dyspnea Scale, Physical Activity Rating Scale-Dyspnea Questionnaire, Checklist Individual
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Strength-subscale Subjective Fatigue, Hospital Anxiety and Depression Scale, and COPD Assessment Test) and EMA.
Participants rated breathlessness, fatigue, anxiety, and energy level on a 7-point Likert scale during 8 random EMA prompts
daily for 5 days.
Results: Among 54 participants (mean age 67, SD 7 y; forced expiratory volume in 1 s 53%, SD 20% predicted; n=35,
65% men), the EMA response rate was 76.1%. EMA scores were moderately to strongly correlated with questionnaire scores
(rs=0.49-0.78, all P<.05) and varied across severity groups (all P<.05). EMA captured significant intraday and interday
symptom variability.
Conclusions: EMA is a valid tool for COPD symptom assessment, capturing real-time fluctuations to improve symptom
management.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a
heterogeneous chronic lung condition characterized by
persistent airflow limitation and respiratory symptoms such
as breathlessness and fatigue [1,2]. Additionally, patients with
COPD often experience psychological symptoms like anxious
and depressed mood and lack of energy, which can substan-
tially affect their health-related quality of life and functional
status [3,4]. Despite this, breathlessness, fatigue, anxiety,
and lack of energy are frequently underreported [5]. In both
daily clinical practice and research, these symptoms are
assessed using questionnaires, such as the modified Medi-
cal Research Council (mMRC) Dyspnea Scale, Checklist
Individual Strength-subscale Subjective Fatigue (CIS-Fati-
gue), and Hospital Anxiety and Depression Scale (HADS)
[6,7]. However, these traditional tools rely on retrospective
self-reports, which may be limited by recall bias and fail to
fully capture the expected dynamic nature of symptoms both
intraday and interday [1,8-13].

Ecological momentary assessment (EMA) is a real-time
data collection approach that seeks to overcome these
limitations by facilitating data capture in patients’ natural
environment [1,8,9,14]. By prompting patients to report
breathlessness, fatigue, anxiety, and lack of energy at
repeated intervals throughout the day, EMA minimizes
memory-related biases and provides a more detailed depiction
of symptom variability, offering a comprehensive view of
daily symptom burden in patients with COPD. Despite
the growing use of EMA in chronic respiratory disease
research, there remains a limited understanding of how well
EMA-based symptom ratings align with traditional question-
naires [9,15,16]. Establishing this relationship is essential to
evaluate the measurement properties of EMA, specifically
its convergent validity with questionnaires. By exploring to
which extent EMA-derived symptom ratings correlate with
well-established validated questionnaire scores, it can be
determined whether EMA can serve as a valid complementary
tool for symptom assessment in COPD.

This study aims to assess the convergent validity
of EMA symptom ratings by exploring the associations
between EMA-based and questionnaire-based measurements
of breathlessness, fatigue, anxiety, and energy in patients

with COPD. We seek to determine whether EMA provides
unique insights into daily symptom fluctuations in COPD
by examining moment-to-moment variability of symptoms
both intraday and interday, which cannot be captured by
traditional retrospective questionnaires. Our findings may
have implications for improving symptom monitoring and
management in daily clinical practice and research. By
identifying moment-to-moment fluctuations in symptoms
such as breathlessness, fatigue, anxiety, and lack of energy,
EMA may enable timely and personalized adjustments in
treatment or self-management strategies, potentially leading
to more responsive and individualized care for patients
with COPD. It is hypothesized that EMA symptom ratings
would show significant positive correlations with tradi-
tional questionnaire scores, supporting convergent validity.
Furthermore, we expect EMA to reveal substantial intraday
and interday variability in breathlessness, fatigue, anxiety,
and lack of energy that is not captured by retrospective
questionnaires.

Methods
Design
This research was conducted as part of a multicenter,
longitudinal, observational study in patients with COPD
investigating physical, systemic, psychological, and behav-
ioral factors associated with fatigue (FAntasTIGUE study)
[17]. The prevalence of fatigue in patients with COPD
was previously reported, as well as the association between
physical activity, sedentarism, and EMA-derived symptom
scores [3,18,19].
Ethical Considerations
The study received approval from the Medical Research
Ethics Committee United, Nieuwegein, The Netherlands
(R17.036/NL60484.100.17), and written informed consent
was obtained from all participants. Participation was
entirely voluntary, and participants could withdraw at any
time without consequence. Participants did not receive
any financial compensation. Data were deidentified before
analysis.
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Recruitment
Patients were recruited between 2018 and 2021 at outpa-
tient clinics of the Department of Respiratory Medicine in
Maastricht University Medical Center and the Department
of Pulmonary Diseases of the Radboud University Medical
Center in Nijmegen, as well as via general practitioners
(Research Network Family Medicine Maastricht [20] and
the Academic General Practitioner Network in the Nijmegen
region). Additionally, patients with COPD who attended a
peer support group meeting in Maastricht or Nijmegen, as
well as patients recruited from primary and secondary care
who previously participated in the Chance Study (NTR3416)
and had consented to follow-up research, were invited to
take part in the FAntasTIGUE study. To participate in the
EMA substudy, patients had to meet the following inclusion
criteria:

1. A diagnosis of COPD according to the Global Strategy
for the Diagnosis, Management and Prevention of
COPD (Global Initiative for Chronic Obstructive Lung
Disease, grade 1A–4D) [2].

2. No exacerbation-related hospitalization and/or use of
oral corticosteroids and/or antibiotics less than 4 weeks
preceding enrollment.

3. Provided written informed consent.
4. Able to use an iPod.

Patients lacking sufficient understanding of the Dutch
language and/or participating in concurrent intervention
studies were excluded.
Measurements
During baseline assessment, sociodemographic, physical,
psychological, and behavioral characteristics were assessed
as described elsewhere [17].
Questionnaires
Breathlessness was assessed using 3 methods: mMRC
Dyspnea Scale, item 1 of the Physical Activity Rating
Scale-Dyspnea Questionnaire (PARS-D), and visual analog
scale (VAS). The mMRC Dyspnea Scale assesses the current
severity of activity-related dyspnea on a scale ranging from
0 (“only gets breathless with strenuous exercise”) to 4 (“too
breathless to leave the house or breathless when dressing”)
[21]. An mMRC score of 2 or higher is used as a threshold for
separating “less breathlessness” from “more breathlessness”
[2]. On item 1 of the PARS-D, patients had to rate the level
of breathlessness on most days of the previous month from
1 (“not at all breathless”) to 10 (“very breathless”) [22].
Patients rated their level of breathlessness over the past 2
weeks using a VAS, which ranged from 0 (“not”) to 100 mm
(“worst possible”) [23,24].

Fatigue was assessed using 2 methods: CIS-Fatigue and
VAS. The CIS-Fatigue contains questions about fatigue-rela-
ted complaints in the previous 2 weeks. For these analyses,
we used both the score from item 1 and the CIS-Fatigue
total score. Item 1 asks the patient if they are tired, ranging
from 1 (“yes, that’s true”) to 7 (“no, that’s not true”). A
total score of 26 points or lower on the CIS-Fatigue indicates

normal fatigue, between 27 and 35 reflects mild fatigue, and
36 points or higher signifies severe fatigue [6]. Patients rated
their level of fatigue over the past 2 weeks using the VAS,
which ranged from 0 (“not”) to 100 mm (“worst possible”)
[23,24].

Symptoms of anxiety and depression were measured using
2 methods: HADS and VAS. The HADS is divided into an
anxiety and a depression subscale. Each subscale consists of 7
items and ranges from 0 to 21 points. A higher score on these
subscales indicates a higher level of symptoms of anxiety
or depression, respectively. A subscale score of 8 points
or higher indicates possible symptoms of anxiety or depres-
sion, while a score of 11 points or higher indicates probable
symptoms of anxiety or depression [7]. Patients rated their
level of anxiety over the past 2 weeks using the VAS, which
ranged from 0 (“not”) to 100 mm (“worst possible”) [23,24].

Energy was assessed with item 8 of the COPD Assess-
ment Test (CAT), which assesses the current energy level
on a scale from 0 to 5, with a higher score indicating
less energy [25]. All questionnaires used in this study are
well-validated and widely applied instruments for assessing
symptoms in patients with COPD [2,26,27]. However, for
some analyses, single items from these questionnaires were
used to allow direct comparison with specific EMA items
reflecting corresponding symptom dimensions.

Ecological Momentary Assessment
Electronic EMA questionnaires were administered over 5
consecutive days using an Apple iPod Touch with a cus-
tom-installed app PsyMate (version 1.1b). If possible, the
EMA assessments began the day immediately following the
baseline assessment. Patients were instructed to respond to
each questionnaire as soon as possible upon hearing the beep
and to keep their usual day and night routine. If patients did
not respond within 15 minutes after the beep, the question-
naire was skipped. PsyMate generated a beep at 8 random
times each day between 7:30 AM and 10:30 PM. Patients
had to rate 10 symptoms (“I feel: relaxed; short of breath;
energetic; cheerful; insecure; irritated; satisfied; anxious;
tired; and mentally fit”) with a 7-point Likert scale ranging
from 1 (“Not”) to 7 (“Very”). For these analyses, 4 symptoms
were included: breathlessness, fatigue, anxiety, and energy.
Patients who completed less than one-third of the total beeps
(ie, <13 out of 40 beeps) were excluded [28]. An EMA
questionnaire completion time of 10 minutes or longer was
considered invalid, and this EMA data point was excluded.

Data Analyses
All analyses were performed using SPSS (version 28.0.1.1)
and R statistical software (version 4.4.2). The distribution
of data was tested using the Shapiro-Wilk test with a 2-
tailed significance of less than .05. Data were reported as
mean (SD), median (IQR), percentages, and numbers, where
appropriate. In the analyses, EMA item “I feel short of
breath” was compared with mMRC Dyspnea Scale score,
PARS-D score, and VAS breathlessness score. EMA item
“I feel tired” was compared with CIS-Fatigue item 1 score,
CIS-Fatigue total score, and VAS Fatigue score. EMA item
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“I feel anxious” was compared with HADS anxiety score and
VAS anxiety score, while EMA item “I feel energetic” was
compared with CAT item 8 score. To evaluate the conver-
gent validity of EMA measures, associations between EMA
symptom ratings and corresponding questionnaire scores
were examined using Spearman correlation coefficients and
multilevel linear mixed models (MLMs).

Median EMA scores for all patients were calculated.
Spearman correlation analyses were performed between
median EMA scores and corresponding questionnaire scores
[29]. Subsequently, MLMs were applied to analyze all EMA
data points. In these models, EMA scores were treated
as dependent variables, while questionnaire scores were
included as fixed effects. Patient ID was specified as a
random intercept to account for the correlation of intra-
individual repeated observations. MLMs were performed
using the “mixed” command, restricted maximum likelihood
estimations, and a significance of less than .05. Mann-Whit-
ney U tests were used to assess differences in median
EMA scores across symptom severity groups based on
established cutoff values of the mMRC Dyspnea Scale (0‐1/
≥2), CIS-Fatigue (8‐35/≥36), and HADS questionnaire (1‐7/
≥8). Patients were categorized into the symptom severity
groups based on their corresponding questionnaire scores.

To assess intraday and interday symptom variability, we
used MLMs with EMA symptom scores as the dependent
variable. For each symptom (breathlessness, fatigue, anxiety,
and energy), time of day (expressed as hours since 8:00 AM)
and day number (days 1‐5) were included as fixed effects to
model temporal trends. Random intercepts for each partic-
ipant accounted for interindividual differences in baseline
symptom levels, while random slopes for time of day allowed
the trajectory of symptoms to change throughout the day to
vary interindividuals. Variance components were extracted

from the MLMs to estimate the proportion of total variance
attributable to intraindividual fluctuations and interindividual
differences. Intraclass correlation coefficients (ICC) were
calculated as the ratio of interindividual variance to total
variance after accounting for time of day and day effects. ICC
values close to 1 indicate that most variability is explained by
differences between individuals, whereas lower ICC values
indicate greater intraindividual variability.

Results
Overview
Sixty patients were assessed for eligibility. Six patients were
excluded because of no available EMA data (n=2), invalid
EMA data (<13 beeps in total; n=3), or incorrect loading of
the EMA data (n=1). Consequently, 54 patients were included
in the current analysis.
Participants
The majority of patients were men (35/54, 65%) with an
average age of 67 years (Table 1). Most patients had
moderate-to-severe COPD (49/54, 91%), and almost half
had at least one exacerbation in the previous 12 months
(25/54, 46%). Across the 9 questionnaires that were used
in the analysis, the overall response rate was high (471/486,
97%). Severe dyspnea was reported by 39% (21/52) and 43%
(23/53) experienced severe fatigue. In addition, 9% (5/52)
and 11% (6/52) of the patients had symptoms of anxiety and
depression, respectively. The EMA subsample included in the
current analyses is highly comparable to the overall FAntas-
TIGUE cohort in terms of key demographic and clinical
characteristics. Results of the full FAntasTIGUE cohort have
recently been published [19].

Table 1. Baseline characteristics.
Variablea N Value
Age (y), mean (SD) 54 67 (7)
Male, n (%) 54 35 (65)
Married/living together, n (%) 53 35 (65)
Currently employed, n (%) 52 7 (13)
Current smoker, n (%) 54 9 (17)
CCIb (points), median (IQR) 54 1 (1-2)
Exacerbation in previous 12 mo (0), n (%) 54 29 (54)
Exacerbation in previous 12 mo (1), n (%) 54 9 (17)
Exacerbation in previous 12 mo (≥2), n (%) 54 16 (30)
Exacerbation-related hospitalization in previous 12 mo (0), n (%) 54 45 (83)
Exacerbation-related hospitalization in previous 12 mo (1), n (%) 54 6 (13)
Exacerbation-related hospitalization in previous 12 mo (≥2), n (%) 54 3 (6)
BMI (kg/m2), median (IQR) 54 25 (23‐30)
FEV1c (% predicted), mean (SD) 54 53 (20)
GOLDd I/II/III/IV, n (%) 54 5 (9); 22 (41); 22 (41); 5 (9)
FEV1/FVCe (%), median (IQR) 54 46 (35‐57)
mMRCf Dyspnea (grade), median (IQR) 52 1 (0‐2)
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Variablea N Value
mMRCf ≥2, n (%) 52 21 (39)
PARS-Dg item 1 (Shortness of breath) (score), median (IQR) 54 5 (2-6)
VASh breathlessness (score), median (IQR) 52 25 (10‐62)
CIS-Fatiguei item 1 (I feel tired) (score), median (IQR) 53 4 (2-7)
CIS-Fatiguei (points), median (IQR) 53 33 (21‐49)
Severe fatigue (≥36), n (%) 53 23 (43)
VASh fatigue (score), median (IQR) 52 40 (13‐60)
HADSj-Anxiety (points), median (IQR) 52 4 (1-8)
Symptoms of anxiety (8‐10 points), n (%) 52 9 (17)
Symptoms of anxiety (≥11 points), n (%) 52 5 (9)
HADSj-Depression (points), median (IQR) 52 4 (1-8)
Symptoms of depression (8‐10 points), n (%) 52 7 (13)
Symptoms of depression (≥11 points), n (%) 52 6 (11)
VASh anxiety (score), median (IQR) 52 2 (1-15)
CATk item 8 (I have a lot of energy) (score), median (IQR) 52 3 (2-4)

aQuantitative variables are presented as mean (SD) or median (IQR) for skewed variables.
bCCI: Charlson Comorbidity Index.
cFEV1 % predicted: Forced expiratory volume in 1 second as percentage from the predicted volume.
dGOLD: Global Initiative for Chronic Obstructive Lung Disease.
eFEV1/FVC %: the forced expiratory volume in 1 second to forced vital capacity ratio.
fmMRC: modified Medical Research Council Dyspnea Scale.
gPARS-D: Physical Activity Rating Scale-Dyspnea questionnaire.
hVAS: visual analog scale.
iCIS-Fatigue: Checklist Individual Strength-subscale Subjective fatigue.
jHADS: Hospital Anxiety and Depression Scale.
kCAT: COPD Assessment Test.

Ecological Momentary Assessment
One patient completed 4 days of EMA measurements, and
53 patients completed 5 days. Of the 2160 maximal possible
EMA responses (54 participants × 5 days × 8 prompts per
day), 1644 EMA responses were valid and could be analyzed
(response rate: 76.1%). Median (IQR) time of completing
the EMA questionnaire was 1 minute and 2 seconds (00:49–
01:21). During the 5 days, patients generally rated feeling

somewhat energetic (median 5 points, IQR 2), somewhat
tired (median 3 points, IQR 2), not short of breath (median
2 points, IQR 3), and not anxious (median 1 point, IQR 0).
Nevertheless, a large variation across the 7-point Likert scale
was observed between patients (Figure 1). In Multimedia
Appendix 1, the median EMA scores and total number of
EMA responses per patient are shown.
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Figure 1. Jittered scatterplot of the ecological momentary assessment–based symptoms scored on a 7-point Likert scale for 5 consecutive days.

Association
Median EMA scores and corresponding questionnaires
showed moderate-to-strong correlations (Table 2). Patients
with an mMRC grade of 0 to 1 reported significantly
lower EMA scores for “I feel short of breath” compared
to those with an mMRC grade of 2 or higher (P<.001;

Figure 2). Similarly, patients with normal-to-mild CIS-Fati-
gue total scores reported significantly lower EMA scores for
“I feel tired” compared to those with severe CIS-Fatigue
scores (P<.001). Patients with no symptoms of anxiety had
significantly lower EMA scores for “I feel anxious” compared
to those with possible or probable anxiety (P=.01).

Table 2. Correlations between median ecological momentary assessment scores and corresponding questionnaires.
EMAa item and questionnaire Spearman correlation coefficientb
I feel short of breath

mMRCc Dyspnea Scale 0.63
PARS-Dd item 1 Shortness of breath 0.76
VASe breathlessness 0.74

I feel tired
CIS-Fatiguef item 1 (I feel tired) 0.74
CIS-Fatiguef total score 0.76
VASe fatigue 0.78

I feel anxious
HADSg-Anxiety 0.55
VASe anxiety 0.49

I feel energetic
CATh Item 8 (I have a lot of energy) −0.65

aEMA: ecological momentary assessment.
bP<.001.
cmMRC: modified Medical Research Council Dyspnea Scale.
dPARS-D: Physical Activity Rating Scale-Dyspnea questionnaire.
eVAS: visual analog scale.
fCIS-Fatigue: Checklist Individual Strength-subscale Subjective Fatigue.
gHADS: Hospital Anxiety and Depression Scale.
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hCAT: COPD Assessment Test.

Figure 2. Ecological momentary assessment (EMA) breathlessness scores divided by the modified Medical Research Council (mMRC) Dyspnea
cutoff values. EMA tiredness scores divided by Checklist Individual Strength-subscale Subjective Fatigue (CIS-Fatigue) cutoff values. EMA anxious
scores divided by the Hospital Anxiety and Depression Scale (HADS) cutoff values.

Multilevel models revealed that higher scores on the mMRC
Dyspnea Scale, PARS-D item 1, and VAS breathlessness
were associated with higher EMA scores for “I feel short of
breath” (Table 3). Specifically, a one-unit increase in mMRC
Dyspnea Scale score corresponded to a 0.6-point increase in
EMA score. For example, a patient with an mMRC score of
1 (the median in our sample) would be expected to report
an average EMA breathlessness score of approximately 3.1
on the 7-point scale. Corresponding expected EMA scores

for each questionnaire value are provided in Multimedia
Appendix 2. Similarly, higher scores on CIS-Fatigue item
1, CIS-Fatigue total score, and VAS Fatigue were associated
with higher EMA scores for “I feel tired.” Elevated HADS-
Anxiety and VAS anxiety scores were also associated with
higher EMA scores for “I feel anxious.” Conversely, higher
scores on CAT item 8 were associated with lower EMA
scores for “I feel energetic.”

Table 3. Associations between symptoms and corresponding questionnaires.
EMAa item and questionnaire (range) Estimate (SE)b

I feel short of breath
mMRCc Dyspnea Scale (0-4) 0.600 (0.126)
PARS-Dd Item 1 Shortness of breath (1-10) 0.399 (0.046)
VASe breathlessness (0‐100) 0.035 (0.004)

I feel tired
CIS-Fatiguef item 1 (I feel tired) (1-7) 0.438 (0.053)
CIS-Fatiguef total score (8-56) 0.071 (0.009)
VASe Fatigue (0‐100) 0.037 (0.005)

I feel anxious
HADSg-Anxiety (0-21) 0.166 (0.022)
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EMAa item and questionnaire (range) Estimate (SE)b

VASe anxiety (0‐100) 0.035 (0.004)
I feel energetic

CATh Item 8 (I have a lot of energy) (0-5) −0.602 (0.099)
aEMA: ecological momentary assessment.
bP<.001.
cmMRC: Modified Medical Research Council Dyspnea Scale.
dPARS-D: Physical Activity Rating Scale-Dyspnea Questionnaire.
eVAS: visual analog scale.
fCIS-Fatigue: Checklist Individual Strength-subscale Subjective Fatigue.
gHADS: Hospital Anxiety and Depression Scale.
hCAT: COPD Assessment Test.

Variability
The ICC for EMA “I feel short of breath” was 0.624,
indicating that 62.4% of the variance in EMA scores
was explained by interindividual differences, while 37.6%
was attributable to intraindividual fluctuations over time.
Time of day (expressed as hours since 8:00 AM) had a

significant negative association with EMA breathlessness
ratings (β=−1.3×10−2, P=.03; Table 4), with scores being
highest in the morning and declining throughout the day.
Additionally, scores on day 2 were significantly lower
than day 1 (β=−1.6×10−1, P=.03), whereas differences for
subsequent days were not statistically significant.

Table 4. Intraclass correlation coefficient (ICC) and associations between the ecological momentary assessment (EMA) symptoms, time of day, and
day number, with the first day being the reference day.
EMA itema ICCb Estimate (SE)

Time of dayc Day 2
d

Day 3
d

Day 4d Day 5d

I feel short of breath 0.624 −1.3×10−2
(5.8×10-3)e

−1.6×10−1
(7.8×10-2)e

−1.4×10−1
(7.8×10-2)

−9.7×10−2
(7.9×10-2)

−1.3×10−1
(7.9×10-2)

I feel tired 0.584 3.7×10−2
(1.1×10-2)f

8.9×10−3
(9.0×10-2)

−8.1×10−3
(9.1×10-2)

4.4×10−2
(9.2×10-2)

−2.1×10−2
(9.2×10-2)

I feel anxious 0.683 5.2×10−4
(3.9×10-3)

−1.2×10−1
(5.4×10-2)e

−8.6×10−2 (5.4 ×
10-2)

−1.1×10−1
(5.5×10-2)

−1.0×10−1
(5.5×10-2)

I feel energetic 0.605 −1.6×10−2
(9.1×10-3)

7.6×10−2
(7.7×10-2)

6.0×10−2
(7.7×10-2)

9.4×10−3
(7.8×10-2)

1.8×10−2
(7.8×10-2)

aEMA: ecological momentary assessment.
bThe ICC represents the proportion of total variance in EMA scores attributable to interindividual differences, after accounting for temporal effects.
cEstimates (β) for time of day indicate the change in symptom rating per hour since 8:00 AM. Positive β values indicate increasing symptom ratings
per hour and negative β values indicate decreasing ratings. SEs are provided in parentheses.
dEstimates for days 2-5 represent the difference in symptom ratings compared to the first day (reference).
eP<.05.
fP<.01.

Figure 3 illustrates EMA data for “I feel short of breath”
for 2 patients with low and high mMRC grades. The figure
demonstrates substantial intraday and interday variability in
scores for both patients, showing that low and high EMA
scores occurred regardless of the mMRC dyspnea grade.

For EMA “I feel tired,” the ICC was 0.584. Time of day
had a significant effect on EMA scores (β=3.7×10-2, P=.002),
where scores were lowest in the morning (≈8:00 AM) and
increased during the day. Day number had no significant
effect. Figure 4 depicts daily intraday variations in EMA
scores for patients in both normal, mild, and severe CIS-Fati-
gue groups.

ICC for EMA “I feel anxious” showed the highest
interindividual variability, which was 0.683. Day 2 scores
were significantly lower than day 1 (β=−1.2×10-1, P=.02),
but there was no significant effect of time of day. Figure
5 highlights intraday fluctuations in EMA scores across all
patient groups, irrespective of their HADS subgroup.

For EMA “I feel energetic,” the ICC was 0.605. Neither
time of day nor day number showed significant effects in the
model.
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Figure 3. Five consecutive days of ecological momentary assessment breathlessness scores of 2 patients from different modified Medical Research
Council (mMRC) Dyspnea subgroups. Each point represents a momentary breathlessness rating (1=“not at all breathless” to 7=“very breathless”)
collected across 8 random prompts per day. The green line is of a patient with low breathlessness severity according to the mMRC Dyspnea Scale,
and the red line is of a patient with high breathlessness severity.

Figure 4. Five consecutive days of ecological momentary assessment fatigue scores of three patients from different Checklist Individual Strength-
subscale Subjective Fatigue (CIS-Fatigue) subgroups. Each point represents a momentary tiredness rating (1=“not at all tired” to 7=“very tired”)
collected across 8 random prompts per day. The green line is of a patient with normal fatigue according to the CIS-Fatigue, the orange line is of a
patient with mild fatigue, and the red line is of a patient with severe fatigue.
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Figure 5. Five consecutive days of ecological momentary assessment anxiety scores of 3 patients from different Hospital Anxiety and Depression
Scale (HADS) subgroups. Each point represents a momentary anxious rating (1=“not at all anxious” to 7=“very anxious”) collected across 8 random
prompts per day. The green line is a patient with no anxiety symptoms according to the HADS, the orange line is a patient with possible symptoms of
anxiety, and the red line is a patient with probable symptoms of anxiety.

Discussion
Principal Findings
This study aimed to assess convergent validity of EMA
symptom ratings by exploring associations between meas-
uring symptoms with established questionnaires and EMA
in patients with COPD. Moderate-to-strong correlations and
significant associations support the convergent validity of
EMA symptom ratings, with EMA effectively differentiat-
ing symptom severity and capturing intraday and interday
variability which is present in the current study population.

Questionnaires provide a retrospective single-point
observation that summarizes symptoms experienced over the
previous weeks or months, whereas EMA collects real-time
data in patients’ natural environment, minimizing recall
bias [8]. While questionnaires may rely on patients’ gen-
eral recollection of symptom burden, EMA focuses on the
immediate context in which symptoms are experienced,
offering a complementary perspective. Our findings indicate
that both assessment tools measure symptoms accordingly;
however, EMA can measure variability. Interestingly, the
moderate-to-strong correlations observed in our study align
with findings from previous studies conducted in different
populations, which reported similar relationships between
EMA and retrospective self-report measures in assessing
clinical symptoms and behaviors [30-33]. This consistency
across studies suggests that, despite their methodological
differences, both approaches approximate the same symp-
tom burden over time. However, momentary assessments
using EMA may also capture subtle fluctuations influenced
by contextual factors, which retrospective self-reports may
overlook [34].

The substantial interday and intraday variability observed
in EMA scores for breathlessness, fatigue, and anxiety

highlights a key advantage of EMA over traditional assess-
ments [16]. This emphasizes that traditional self-report
measures often fail to capture such variability due to recall
biases and the aggregation of experiences over extended
timeframes. In the study of Solhan et al [16], EMA indices
only showed modest agreement with retrospective reports
of affective instability, further underscoring the limitations
of relying solely on retrospective assessment. Similarly, our
findings showed that patients with low mMRC, CIS-Fatigue,
and HADS scores sometimes reported high EMA scores of
the corresponding symptoms, illustrating the heterogeneity
of symptoms intraindividual and across different time points
[10].
Clinical Practice and Research
EMA’s ability to capture real-time symptom variability
provides clinicians with a richer and more nuanced data-
set to inform personalized treatment plans. For example,
when patients report a consistent pattern of increasing
fatigue through EMA, this could lead to targeted behavio-
ral strategies such as activity pacing (eg, scheduling lower-
demand activities during that period) and timing of short
rest breaks. Similarly, if EMA reveals increased feelings
of anxiety around specific situations (eg, during exertion,
social activity, or waking up), then this could trigger
timely psychological-support interventions such as brief
monitored relaxation techniques, guided breathing exercises,
or preemptive alert via a mobile app to initiate mindfulness
at forecasted high-risk times. In pulmonary rehabilitation,
incorporating EMA can help patients gain insight into how
daily lifestyle behaviors trigger certain symptoms and identify
windows of vulnerability when symptoms tend to worsen. By
visualizing the intraday and interday symptom fluctuations,
clinicians and patients can co-develop personalized cop-
ing strategies such as adjusting nonpharmacological tactics
(eg, paced walking, energy-conserving breathing techniques)
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during windows of higher symptom burden to remind patients
to apply these tactics when indicated. EMA has been shown
to enhance the detection of treatment effects, as evidenced
in studies where EMA demonstrated superior sensitivity to
change and convergence with structured clinical assessments
[9,35]. By incorporating EMA alongside traditional measures,
researchers can achieve a more comprehensive understanding
of symptom variability and treatment efficacy. A potential
drawback is that patient burden for completing EMA could
be high, particularly for patients who are not very technically
proficient or not stable [16].
Methodological Considerations and
Limitations
Both assessment tools demonstrated high response rates.
While the EMA response rate in this study was compara-
ble to previous research, adherence remains a critical factor
for its successful implementation. Strategies to improve
compliance, such as financial incentives or tailored EMA
schedules, could enhance data quality [9]. Additionally,
exclusion of patients with insufficient EMA data underscores
the importance of establishing minimum response thresholds
to ensure data reliability. Another limitation is that the
self-reported symptoms may still be influenced by momentary
factors such as mood, context, or tasks, even with EMA.
The integration of EMA with objective measures, such as
actigraphy or physiological monitoring, could provide a better
understanding of how symptoms relate to specific activities
and daily behaviors. This approach gives a more nuanced
and objective assessment of symptom burden, capturing the
dynamic interplay between symptoms and activity levels
and potentially enhancing the validity of findings [15].
The median EMA score was used to summarize symptom
burden across the 5-day period, which reduces the influence
of extreme values and aligns with questionnaire measures.
However, this approach does not capture fluctuations at
specific times of day, such as morning or evening peaks.
Future studies could explore time-specific EMA scores to
provide more detailed insight into diurnal symptom variabil-
ity. Additionally, symptom experiences often differ between
sexes, and the predominance of male participants in this
study may have influenced the results [36,37]. Furthermore,
selection bias should also be considered, as participants who

are more technologically proficient or motivated may be
more likely to adhere to EMA protocols [38]. This may
limit generalizability, particularly among older adults or
those with severe COPD who could find frequent digital
reporting burdensome [39]. Future studies should explore
adaptive EMA designs or simplified interfaces to minimize
this barrier and broaden participation. Despite these limita-
tions, convergent validity remained high, even though EMA
assessments were conducted after patients completed the
questionnaires. Patients may have experienced a better or
worse week in terms of symptoms before or during the
EMA assessment period. Notably, some questionnaires assess
symptoms over longer time frames, such as the past month
or two weeks, which may capture a different temporal
perspective on symptom burden. Another important meth-
odological aspect concerns potential recall bias inherent in
retrospective questionnaires. Traditional self-report instru-
ments require participants to summarize symptoms experi-
enced over extended periods, which may lead to distortions
due to memory limitations or recency effects [12,13]. EMA
mitigates this limitation by collecting data in real time,
reducing recall-related error and providing a more accurate
temporal representation of symptom burden. Furthermore,
this study used single items from validated questionnaires (eg,
PARS-D item 1, CIS-Fatigue item 1, CAT item 8). Although
these items originate from instruments with well-established
psychometric properties, individual items may not fully
represent the multidimensional constructs assessed by the
complete questionnaires. Together, these findings underscore
the complementary strengths of EMA to provide a more
nuanced understanding of symptom variability while still
aligning with traditional measures of symptom severity.
Conclusions
This study demonstrates that EMA is a validated tool for
symptom assessment in patients with COPD. EMA showed
moderate-to-strong correlations and significant associations
with established questionnaires while capturing both interday
and intraday symptom variability. The ability to reflect
real-time fluctuations provides a more detailed and dynamic
understanding of daily symptom burden, underscoring
EMA’s added value for enhancing symptom monitoring and
informing personalized management in COPD.
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