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Background: GOLD 2023 defines an exacerbation of COPD (ECOPD) by a deterioration of breathlessness at rest (BaR), mucus and
cough. The severity of an ECOPD is determined by the degree of BaR, ranging from 0 to 10. However, it is not known which symptom
is the most important one to detect early of an ECOPD, and which symptom that predicts future ECOPDs best. Thus, the purpose of
the present study was to find out which symptom is the most important one to monitor.

Methods: We analysed data on COPD symptoms from the telehealth study The eHealth Diary. Frequent exacerbators (n = 27) were
asked to daily monitor BaR and breathlessness at physical activity (BaPA), mucus and cough, employing a digital pen and symptom
scales (0—10). Twenty-seven patients with 105 ECOPDs were analysed. The association between symptom development and the
occurrence of exacerbations was evaluated using the Andersen—Gill formulation of the Cox proportional hazards model for the
analysis of recurrent time-to-event data with time-varying predictors.

Results: According to the criteria proposed by GOLD 2023, 42% ECOPDs were mild, 48% were moderate and 5% were severe, while
6% were undefinable. Mucus and cough improved over study time, while BaR and BaPA deteriorated. Mucus appeared earliest, which
was the most prominent feature of the average exacerbation, and worsening of mucus increased the risk for a future ECOPD. There
was a 58% increase in the risk of exacerbation per unit increase in mucus score.

Conclusion: This study suggests that mucus worsening is the most important COPD symptom to monitor to detect ECOPDs early and
to predict future risk for ECOPDs. In the present study, we also noticed a pronounced difference between GOLD 2022 and 2023.
Hence, GOLD 2023 defined the ECOPD severity much lower than GOLD 2022 did.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a leading cause of morbidity and the third leading cause of death
worldwide.! COPD is also associated with a significant economic burden. The total direct costs of respiratory disease in the
European Union are estimated to be about 6% of the total annual healthcare budget, with COPD accounting for 56%
(38.6 billion euros) of the cost of respiratory disease.” The total cost of COPD in the United States is expected to reach
$800.90 billion over the next 20 years, with an annual cost of $40 billion.? The highest proportion of human and economic cost
for COPD is associated with hospital admissions for severe exacerbations (ECOPD).*> Beside the economic burden, ECOPDs
increase the risk of progression of disease, which leads to premature death, and suffering, and cause diminished quality of
life.>® Accurate and early detection of ECOPDs will enable early management and will reduce mortality.””

The real cause of ECOPDs is not fully understood, and it can be difficult to get the correct diagnosis since symptoms
of an ECOPD overlap with symptoms of pneumonia and other diseases such as deterioration of heart failure.' Severe
ECOPDs, that is, those requiring hospitalisation, are associated with significant mortality and morbidity.®'® Patient
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recovery is slow and severe ECOPDs are a major burden for health services.'® Remote monitoring of COPD patients by
tele-health and care at home with the aim of early detection of ECOPD is therefore of paramount importance and is one
of the goals of the respiratory community worldwide.

Normally, having trouble breathing is a hallmark symptom of COPD. Thus, the typical symptoms of an ECOPD
include dyspnoea (or breathlessness), cough, and mucus production. In the GOLD 2023 guidelines, the Rome proposal
determines the severity of an ECOPD by grading breathlessness at rest (BaR), employing a scale from 0 to 10."" In the
present study, we used the Rome proposal to define the severity of ECOPDs. The aim of the study was to understand
which of the COPD symptoms, BaR, breathlessness at physical activity (BaPA), cough or mucus, was the most important
one to monitor in order to detect ECOPDs early and to predict future ECOPDs.

Materials and Methods

Study Subjects and Study Procedures

The present study analysed data collected in The eHealth Diary, a 12-month longitudinal telemonitoring study conducted
between 2013 and 2017 in Ostergétland, Sweden. The Health Diary telemonitoring system, based on digital pen technology, is
used by patients when assessing and reporting their daily health state to a specialised hospital-based home care (HBHC)
unit.>’* Study subjects were instructed to register their COPD symptoms, BaR, BaPA, mucus and cough, every day, applying
a scale from 0 to 10. The underlying assumption behind the telemonitoring is that patients with frequent ECOPDs would
undergo fewer ECOPDs due to regular telemonitoring from the patient’s home. Once enrolled in the study, according to the
criteria described in Lyth et al, patients were introduced to the telemonitoring system and received continuous supervision
from the HBHC unit,” which was also responsible for providing healthcare during the study period. The study included
patients with COPD, aged >65 years, who were frequently hospitalised due to ECOPDs — at least two inpatient episodes within
the last 12 months. Twenty-seven patients, participating at least 75 days and presenting with totally 105 ECOPDs, were
analysed. Previous statistical and qualitative analysis report that the number of hospitalisations was significantly reduced, and
quality of life was improved for COPD patients participating in telemonitoring.”*

Blood Analyses, Dynamic Spirometry, BMI and Comorbidities

At inclusion, we assessed blood oxygenation (SAT) and CRP in venous blood. On ECOPDs, we assessed respiratory rate
(RR), heart rate, SAT, CRP and arterial blood gases (ABG), the latter at rest on air breathing or ongoing oxygen
supplementation. To measure forced expiratory volume in 1 second (FEV;) and forced vital capacity (FVC) and to
calculate the ratio of these volumes, dynamic spirometry was performed after bronchodilatation at inclusion using
Hedenstrom as a reference.'>'> COPD was staged by airway obstruction, that is, FEV,% predicted 80—100%=GOLD
stage I, 50-79%=stage 11, 30-49%=stage III, and <30%=stage IV (GOLD 2023). At inclusion comorbidities were graded
using the “Charlson Comorbidity Index” (CCI),'* and body mass index (BMI) was calculated (weight in kg divided by
the height in m*). Underweight was defined as BMI <18.5 kg/m?, normal weight as 18.5<BMI<25 kg/m?, overweight as
25<BMI<30 kg/m* and obesity as BMI >30 kg/m?.'> Patients’ smoking habits were also registered at inclusion.

Exacerbation Severity According to GOLD 2022 and GOLD 2023

All exacerbations were defined regarding the severity applying the definitions described by GOLD 2022 and GOLD
2023, the latter employing the Rome proposal.!’ GOLD 2022 defines the severity of ECOPDs by the action necessary to
take due to worsening. Thus, a mild ECOPD requires only increased inhalation therapy, a moderate ECOPD demands
additional therapy with steroids and/or antibiotics, while those ECOPDs leading to emergency room visit and/or
hospitalisation are defined as severe. In contrast, definition of ECOPD severity according to GOLD 2023 depends on
assessment of BaR, RR, heart rate, SAT, CRP and ABG. A mild ECOPD is defined by BaR <5, RR <24 breaths/min,
heart rate <95 bpm, resting SAT >92% breathing ambient air (or patient’s usual oxygen prescription) and change <3%
(when known), CRP <10mg/L (if obtained). A moderate one is defined when at least three of five following parameters
are stated: BaR >5, RR >24 breaths/min, heart rate >95 bpm, resting SAT <92% breathing ambient air (or patient’s usual
oxygen prescription), and/or change >3% (when known), CRP >10mg/L. Also, if obtained, ABG may show hypoxemia
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(PaO, <8 kPa) and/or hypercapnia (PaCO, >6 kPa) but no acidosis. A severe ECOPD is defined by an ABG showing
hypercapnia (PaCO, >6 kPa) and acidosis (pH <7.35).1

Patient and Public Involvement
Patients and the public were not involved in the design or conduct or reporting of the present research. Results were not
disseminated to study participants.

Statistical Analysis

Data are presented as mean + 1 SD for continuous variables and percentage for categorical variables. Correlations were
calculated with Pearson’s correlation coefficient (r), when variables fulfilled the normality criterium; otherwise,
Spearman’s Rank Test (p) was used. Normality was tested with the Kolmogorov—Smirnov test. The level of significance
was 0.05 and all p-values were two-tailed. The evolution of the COPD symptoms was analysed using linear regression.
The association between this evolution and the occurrence of exacerbations was evaluated using the Andersen—Gill
formulation of the Cox proportional hazards model for the analysis of recurrent time-to-event data with time-varying
predictors. All analyses were undertaken using IBM SPSS Statistics, vs 27.0.0.0 (IBM SPSS, Chicago, IL, USA).

Results
Sample COPD: Descriptive Statistics

Table 1 summarises the descriptive statistics of the study subjects (n = 27). Most study subjects were elderly women with
a history of smoking, severe COPD stages and a great burden of comorbidities. Eleven patients were on oxygen

Table | Descriptive Statistics. Mean * |ISD

COPD Patients All (n =27)
Age (years) 756 (65-86)
Women, n (%) 16 (59)
BMI (kg/m?) 2416 (12-41)
Current smokers, n (%) 6 (22)

Ex smokers, n (%) 21 (78)
SAT at base-line (%) 90+6 (70-98)
FEV, (% predicted) 38+17 (13-79)
Ccl 3+2 (1-8)
GOLD stage I, n (%) 0 (0)
GOLD stage 2, n (%) 3(11.1)
GOLD stage 3, n (%) 6 (22.2)
GOLD stage 4, n (%) 18 (66.7)
Study participation (days) per patient 285117 (75-365)
Number of study days 7785
Number of days with registered symptoms 7010
ECOPD severity according to GOLD 2022

Mild exacerbations; n/% 0/0
Moderate exacerbations; n/% 63/60
Severe exacerbations; n/% 42/40
ECOPD severity according to GOLD 2023

Mild exacerbations; n/% 44/42
Moderate exacerbations; n/% 50/48
Severe exacerbations; n/% 5/5
Exacerbations with undefined severity; n/% 6/6

Abbreviations: BMI, body mass index; CCIl, Charlson Comorbidity Index; FEV,(% of
predicted), forced expiratory volume in one second expressed as % of predicted; GOLD,
global initiative for chronic obstructive lung disease; SAT, blood oxygen saturation.
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supplementation. Compliance to symptom registration was high, that is, 90% of all study days demonstrated registrations
of the four symptoms recorded. In general, GOLD 2023 definition of COPD severity resulted in a down-staging to lower
severity. Thus, compared to GOLD 2022, most ECOPDs were defined mild or moderate according to the Rome proposal
for ECOPD severity. Only 6 of 105 ECOPDs remained undefined regarding their severity, when the GOLD 2023 criteria

were applied.

Symptom Progression Over Study Time

At baseline mean values = 1 SD for BaR, BaPA, mucus and cough were 1.5£1.6, 5.5£2.2, 2.5£2.5 and 2.0+2.0,
respectively. Twenty-two patients (81%) exhibited BaR values from 0 to 3 at inclusion. The progression of symptoms
over study time, analysed using linear regression, is shown in Figure 1. Mucus and cough improved significantly over
study time (negative slope), while BaR and BaPA deteriorated (positive slope).

Symptom Progression During Exacerbation

Progression of symptoms for the average ECOPD before, during and after treatment start is shown in Figures 2 and 3.
The diagnosis ECOPD was made at day 15, when treatment with steroids and/or antibiotics was started. Figure 2 shows
the mean values (adjusted to baseline) of all 105 ECOPDs for all four symptoms in the same Figure. Figure 3 shows the
symptoms separately; mean values (adjusted to baseline) of 105 exacerbations are indicated and positive bars represents
1 SD. Of 105 ECOPDs, only 15 exhibited a peak value of BaR >5. In comparison, 91 ECOPDs demonstrated BaPa >5 at
the peak of the ECOPD.

Mucus appeared earliest and was the most prominent feature of the average exacerbation. When the ECOPDs were
diagnosed by the HBHC staff and, if applicable, treatments with steroids and/or antibiotics were started the same day
(at day 15), the scores of mucus and cough returned at some point to base-line, while the scores for BaR and BaPA did
not (Figures 2 and 3).
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Figure | Progression of breathlessness at rest (A), breathlessness at physical activity (B), mucus (C) and cough (D) analysed using linear regression. The slopes of mean
values are indicated (blue colour).
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Figure 2 Mean values day-by-day for all four symptoms. Day |5 is the day when the exacerbation was diagnosed by HBHC staff and treatment with steroids and or
antibiotics started. Notice that the curves are adjusted to baseline.
Abbreviations: BaR, breathlessness at rest; BaPa, breathlessness at physical activity.

Prediction of Future Exacerbations

The association between the progression of the four symptoms recorded and the occurrence of exacerbations was evaluated
using the Andersen-Gill formulation of the Cox proportional hazards model for the analysis of recurrent time-to-event data
with time-varying predictors.'® The hazard ratios (HR) for each symptom associated with the risk for future ECOPDs are
shown in Table 2. Worsening of mucus score with one unit increased the risk for future ECOPD with 58% (p <0.001).

Discussion

In the present study, we report for the first time that mucus was the most important symptom to telemonitor, preferentially
at daily basis, to early detect the start of an ECOPD among patients with frequent ECOPDs (Figure 2). Worsening of the
mucus score was also the symptom that best predicted future exacerbations in the present study (Table 2). In line with
previous knowledge, this study also demonstrated the negative effects frequent ECOPDs have on symptom progression,
that is, a deterioration of BaR and BaPA over study time (Figure 1). Also, in line with present knowledge, as ECOPDs
became less frequent, as previously reported by us,” the symptoms of bronchitis, that is, mucus and cough, became less
prominent (Figure 1).

We also investigated how different definitions of ECOPD influenced on the scoring of ECOPD severity applying the
definitions of GOLD 2022 and GOLD 2023. We know of only one previous study doing so.'” In contrast to the present
study, there was no data on BaR in that study. Because all patients (364 patients displaying 364 ECOPDs) were
hospitalised due to an ECOPD the authors assumed that all patients would express BaR >5."7 In the present study, we
noticed a pronounced difference between GOLD 2022 and 2023. Hence, GOLD 2023 defined the ECOPD severity much
lower than GOLD 2022 did. This is in line with the findings by Reumkens et al, who concluded that most of the
ECOPDs, classified as severe because of the hospitalization according to GOLD 2022, were classified as moderate
ECOPDs.'” However, in contrast to that study, we find in the present study that down-staging to less ECOPD severity
mainly depended on the assessment of BaR. Thus, of 105 ECOPDs, only 15 exhibited a peak value of BaR >5.
Considering that 42 ECOPDs were classified as severe according to GOLD 2022, we conclude that it is not safe to
assume that BaR >5 is mandatory for ECOPDs regarded as severe from the GOLD 2022 criteria. In comparison, 91
ECOPDs demonstrated BaPa >5 at the peak of the ECOPD. The diagnosis of the ECOPDs in the eHealth Diary study
was based on the symptom assessments from the study participant, together with an assessment from the experienced
physicians at HBHC. When the HBHC staff became aware of a worsening of symptoms, they made a home visit and if
the HBHC physician diagnosed an ECOPD, it was treated with steroids and/or antibiotics. According to GOLD 2022,
such treatment per se defines a moderate ECOPD. One might argue that the prescriptions of oral antibiotics and/or
steroids upon diagnosis of an ECOPD in the eHealth Diary study might have been too excessive, thus, defining too many

International Journal of Chronic Obstructive Pulmonary Disease 2023:18 hetps: 1537
Dove


https://www.dovepress.com
https://www.dovepress.com

Jacobson et al Dove

3
A
o 24
o
o
]
%
o 14
0 [ YYYYPY Y .l s r "m.-~; 1-,'- 1
0 10 20 30 40
Days
B *
0
§ 27
b
<<
8 1-
0 —hasd | P 1 I 1
0 10 20 30 40
Days
3_
C
@
S 2
Q
17
1
=
S 1-
=
Yy
iy ““'w.N |
0 1 I - 1
0 10 20 30 40
Days
3_
D
@
S 2
@
=
4
o 1-
o
0_ o 4 -l
0 10 20 30 40
Days

Figure 3 (A-D) Mean values for all four symptoms (adjusted to base-line). A total of 105 exacerbations are indicated and positive bars represents | SD. Notice that the
curves are adjusted to baseline.
Abbreviations: BaR, breathlessness at rest; BaPa, breathlessness at physical activity.

1538 " International Journal of Chronic Obstructive Pulmonary Disease 2023:18
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Jacobson et al

Table 2 The Association Between the Progression of the Four
Symptoms Recorded and the Occurrence of Exacerbations Was
Evaluated Using the Andersen-Gill Formulation of the Cox
Proportional Hazards Model for the Analysis of Recurrent Time-to-
Event Data with Time-Varying Predictors

Characteristic HR 95% CI p-value
BaR 0.95 0.75, 1.21 0.7
BaPa 1.07 0.88, 1.30 0.5
Mucus 1.58 1.36, 1.84 <0.001
Cough 0.83 0.64, 1.09 0.2

Abbreviations: HR, hazard ratio; Cl, confidence interval.

ECOPDs as moderate. As the diagnosis of an ECOPD was made by a highly qualified physician, knowing the patient
well, this explanation seems to us less likely. As the cohort consisted of elderly, multimorbid and very fragile patients,
one might assume that treatment with steroids and/or antibiotics was mainly governed by the clinical context, with the
aim to prevent further — possibly devastating — deterioration.

One might also wonder whether the severity of the ECOPDs differed so much between GOLD 2022 and GOLD 2023 due
to the settings of the criteria. Clearly, few ECOPDs demonstrated BaR score >5. Possibly, this reason might explain why the
ECOPD severity was so different, when GOLD 2022 and GOLD 2023 criteria were employed. Maybe the limit for BaR is
set too high to be classified as a moderate exacerbation. The Rome proposal states that the BaR values range from 0 to 3 in
patients with COPD in a stable phase.'""'®* 2 In the present study, 22 patients (81%) exhibited BaR values from 0 to 3 at
inclusion. Moreover, the Rome proposal states that in the emergency ward, or in the hospital, values are higher than 4.'''~?
It was therefore agreed that BaR score >5 (on a scale of 0—10) in the context of a suspected ECOPD would indicate severe
dyspnoea.'' It might be that a BaR score >5 would be better for a severe ECOPD and a lower one for a moderate ECOPD.

It is also stated in the Rome proposal that worsening of cough and mucus may be the most relevant symptoms or
signs.''** However, in previous studies, the intensity of these symptoms has not been properly measured, which has
made it difficult to include them in an ECOPD severity classification.'’ Therefore, it was agreed that worsening of BaR is
the most relevant symptom for most patients and most ECOPDs. Notably, the present study suggests that assessment of
mucus, employing the same scale as for BaR (0-10), may be of great importance. Zero means no mucus and 10 means
the worst mucus ever experienced, in line with what the Rome proposal suggest for assessment of BaR.

As far as we know, there is only one telehealth study previously published reporting on ECOPD prediction in relation
to scoring COPD symptoms. Thus, Rassouli et al performed a telehealth study on patients with COPD, assessing COPD
symptoms weekly by the COPD assessment test (CAT; score 0—40 points).'® As in the present study, they applied the
Andersen—Gill formulation of the Cox proportional hazards model for the analysis of recurrent time-to-event data with
time-varying predictors to understand how CAT predicted future ECOPD. They found that a 1-point weekly increase in
CAT (scale 0-5) was associated with an 8% increase in the risk for future ECOPD. In comparison, the present study
shows that a 1-unit (scale 0—10) daily increase of the mucus score was associated with a 58% increase in the risk for
future ECOPD. As Rassouli et al worked with weekly CAT assessment and the present study assessed symptoms at daily
basis, we can assume that our way of telemonitoring would detect an ECOPD much earlier than the model applied by
Rassouli.'® More recently, Sun et al reported that worsening of morning symptoms of COPD predicted future ECOPDs.*
However, this study was not a telehealth study. Another study by Mokhtar et al predicted future ECOPDs applying
telehealth and machine learning, but the prediction was not based on COPD symptoms.*¢

This study has obvious limitations. It is a single centre study, and the studied COPD cohort consisted of only 27
multimorbid frequent exacerbators. Thus, our observations only apply to this very particular phenotype of the COPD
population and cannot be generalised to ECOPDs experienced by the very large population of patients presenting with
mild-to-moderate COPD.
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Conclusion

This study suggests that worsening of mucus is the most important COPD symptom to monitor to detect ECOPDs early
and to predict future risk for ECOPDs. In the present study, we also noticed a pronounced difference between GOLD
2022 and 2023. Hence, GOLD 2023 defined the ECOPD severity much lower than GOLD 2022 did.

Abbreviations

ABG, arterial blood gas; BMI, body mass index; BPM, beats per minute; BaR, breathlessness at rest; BaPa, breath-
lessness at physical activity; CAT, COPD Assessment Test; CCI, Charlson Comorbidity Index; CI, Confidence Interval;
COPD, chronic obstructive pulmonary disease; ECOPD, exacerbation of COPD; FEV,, forced expiratory volume in
one second; FEV (% of predicted), forced expiratory volume in one second expressed as % of predicted; FVC, forced
vital capacity; GOLD, global initiative for chronic obstructive lung disease; HBHC, hospital-based home care; HR,
hazard ratio; RR, respiratory rate; SAT, blood oxygen saturation; SD, standard deviation.
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