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Objective: The Swedish guidelines recommend that patients with chronic obstructive pulmonary disease (COPD) on maintenance
treatment are monitored annually, and within six weeks after an exacerbation. We describe the patterns of COPD-related visits in
Sweden, both regular follow-up and post-exacerbation visits.

Methods: Patients (>40 years) with a first-time COPD diagnosis between 2006 and 2017 were identified in primary care medical
records and linked to hospital contacts and administered drug data. The index date was defined as the first collection of inhaled COPD
maintenance treatment after the diagnosis. Regular COPD visits within 15-months after the index, and post-exacerbation visits for
COPD within six weeks and 15-months after an exacerbation were estimated using the cumulative incidence function adjusted for
competing risk. Visits without a ICD code for COPD were not included in the analyses.

Results: A total of 19,857 patients (mean age 69 years, 57% females) were included. The overall probability of having a regular
follow-up visit for COPD within 15 months post-index was 39.1%. In total, 15,095 (76%) patients experienced at least one COPD
exacerbation during the observation period. Among them, the probability of having a post-exacerbation visit was 7.0% within six
weeks and 29.7% within 15-months. Patients without a regular COPD follow-up visit claimed significantly more oral corticosteroids
(25.6% vs 15.6%), more respiratory antibiotics (39.1% vs 23.1%), and less maintenance treatment (10.9% vs 16.5%).

Conclusion: Only 39% of COPD patients attended a regular follow-up visit within 15-months from the COPD diagnosis and one-
third had a post-exacerbation visit. The adherence to guideline recommendations need to be improved.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a heterogeneous and progressive disease characterized by chronic airflow
limitation.'~ It affects approximately 384 million people worldwide.! Multimorbidity is prevalent in people with COPD.*"
Especially, cardiovascular disease is common, and known to be associated with an increased risk of hospitalization and
mortality.®

In Sweden, most patients with COPD are managed in primary care. The importance of routine follow-ups (annual
COPD reviews) is highlighted in guidelines."” COPD patient reviews should include monitoring of the frequency and
types of exacerbations, changes in dyspnea, activity limitations, sleep disturbances, fatigue, signs of chronic bronchitis
and smoking status. Additionally, inhaled treatment should be monitored including a control of the inhaler technique, and
appropriate adjustments to the pharmacological treatment should be made. A routine, regular follow-up visit should also
include spirometry to identify patients with fast decline of lung function (“rapid decliners”), as these patients have a
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particularly poor prognosis. According to the Swedish guidelines, patients who have had a COPD exacerbation should be
followed up within 6 weeks.” The importance of postexacerbation visits has also been highlighted by European COPD
experts in a Europe-wide consensus report.® Frequent outpatient visits have been reported to be an independent factor for
preventing COPD exacerbations.’

The aim of this study was to describe the patterns of COPD-related follow-up visits in primary and secondary care in
Sweden, both regarding regular follow-up visits and post-exacerbation follow-up visits in a COPD population treated
with inhaled maintenance medications, and to relate the findings to applicable COPD management guidelines. In
addition, the study aimed to describe the patterns of pharmacological treatments in COPD patients with and without
follow-up visits.

Materials and Methods

In this observational cohort study, COPD patients were identified in primary care medical records and linked to the
National Patient Registry and the Swedish Prescribed Drug Registry by the Swedish National Board of Health and
Welfare. The primary health-care centers that were included in the study were either publicly funded (Region Stockholm)
or both publicly and privately funded (Region Uppsala), and covered approximately 2.7 million inhabitants. The linked
database was managed by the Department of Medical Sciences, Respiratory Medicine at Uppsala University, Sweden.
The study protocol was reviewed and approved by the regional ethics committee in Uppsala, Sweden (reference number
2016/486).

Study Population

The study included patients with a recorded COPD diagnosis between January 2006 and December 2017. The index date
was defined as the first collection of an inhaled COPD maintenance treatment after the COPD diagnosis (Supplementary
Figure 1). All patients aged >40 years with a diagnosis of COPD (ICD-10 J45) registered in primary care medical records
(as well as in secondary care in Region Uppsala), who had had at least one collection of inhaled COPD maintenance
treatments (long-acting B-agonists [LABA], long-acting muscarinic antagonists [LAMA], inhaled corticosteroids [ICS] or
any combination of these) after the diagnosis of COPD was registered were included. Patients who had a record of a
COPD diagnosis prior to 2006 and patients who were not residents in either of the two regions at the index date were
excluded. Also, patients with comorbid diseases commonly treated with oral corticosteroids (OCS) (Crohn’s disease,
ulcerative colitis, rheumatoid arthritis or polymyalgia rheumatica), and patients with malignant neoplasm (except for
basal cell carcinoma) during the year before the index date were excluded.

Outcomes and Variables

The primary outcome was COPD-related visits to either a primary care nurse or physician, or an outpatient visit in
secondary care. These visits were defined as visits with a COPD diagnosis code registered in the medical records or
registries. The number of regular COPD follow-up visits within the 15-month period after the index date was described.
Additionally, the number of post-exacerbation visits due to COPD were collected both within six weeks and 15 months
after an acute exacerbation. Acute visits in primary care that resulted in collection of OCS and/or antibiotics on the same
day and visits without a ICD code for COPD were not included in the analyses.

Moderate exacerbations were defined as COPD-related emergency room visits and/or administration of OCS and/or
respiratory antibiotics. Severe exacerbations were defined as COPD-related hospitalizations. Recurrent exacerbations
within 14 days were combined and considered as one exacerbation.

COPD medications were identified in the Prescribed Drug Registry (ATC codes) as collections of prescribed
medications.

Comorbidities were identified from the available data up to five years prior to the index date by using ICD-10 codes.
The Charlson comorbidity index was calculated at index date and date of first exacerbation for each patient using the
ICD-10 coding algorithm developed by Quan et al'®!! by summing the weighted scores for all comorbidities. All
comorbidities were retrieved one year prior to index and first exacerbation.
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Statistical Analyses

Baseline characteristics were described as mean (standard deviation [SD]) for continuous variables and absolute and
relative frequencies for categorical variables. For each individual, the follow-up period for regular follow-up visits started
on the index date (first inhaled medication collection) and ended after 15 months. Two follow-up periods for post-
exacerbation visits were studied: one started on the registered date of the exacerbation and ended six weeks later, and the
other started on the registered date of the exacerbation and ended 15 months later. To evaluate the proportion of patients
who had had regular follow-up visits within 15 months, the probability of regular and post-exacerbation visits was
estimated using the cumulative incidence function with corresponding 95% confidence intervals (CI) adjusting for
competing risk of exacerbation and death.'?

To explore the effects of sex and age (40-55, >55-70, >70-85, >85) on regular follow-up visits, the calendar year was
used as a continuous variable and the incidence rate ratios (IRR) of follow-up visits with 95% CI were calculated using a
negative binomial regression model.

When assessing number of regular COPD follow-up visits after index date, patients were censored at the time of first
exacerbation. Similarly, patients were censored at the time of second exacerbation when assessing number of post-
exacerbation visits after the first exacerbation.

Post-exacerbation follow-up visits after moderate and severe exacerbations were analyzed separately.

Time trends in regular follow-up visits and post-exacerbation follow-up visits were explored by calculating the
probability of a visit within 15 months for each year separately (2006-2017) using the cumulative incidence function
with 95% Cls.

Results

A total of 19,857 patients (mean age 69 years, 57% females) with a first-time diagnosis of COPD in primary care (n =
10,464) or secondary care (n = 9393) between 2006 and 2017 were included at the date of the first collection of inhaled
maintenance treatment after the diagnosis (ie, the index date) (Table 1). At the index date (baseline), the majority of
patients (45.5%) collected a LABA or a LAMA. A combination of LABA, LAMA, and ICS, either in fixed combination
or separate inhalers, was collected by 10.6%. The most common comorbidities were hypertension (47.4%), asthma
(20.1%), upper respiratory tract infections (18,1%), metabolic disorders (17.7%) and pneumonia (15.4%) (Table 1). A
Charlson comorbidity index of two or more was observed in 41.8% of the patients. Overall, 1054 (5.3%) of the patients
had less than 15 months of follow-up: 695 (3.5%) died, 143 (0.7%) emigrated and 216 (1.1%) developed OCS-related
diseases.

Regular Follow-Up Visits

During the 15-month follow-up period after the index date, 7782 of 19,857 patients had at least one regular follow-up
visit with a COPD diagnosis. Of these patients, 3824 had two or more visits (Table 2). The overall probability of having a
regular follow-up visit within 15 months post-index was 39.1% (95% CI: 38.4-39.7). The majority of these visits
occurred in primary care (35.7%, 95% CI: 35.0-36.3) (Figure 1). Male sex, increasing age, the Charlson comorbidity
index equal to or more than five, and the year of inclusion were associated with a higher probability (expressed as
incidence rate ratio [IRR]) of regular follow-up visits after the index date (Supplementary Table 1). The probability of

having a regular follow-up visit did not increase markedly when the observation period was extended from 15 to 30
months (44.9%, 95% CI: 44.2—-45.6) (Figure 1).

Post-Exacerbation Visits

In total, 15,095 (76%) of the 19,857 COPD patients experienced at least one moderate or severe COPD exacerbation
during the observation period. Of those experiencing an exacerbation, 11,732 (78%) also experienced a second exacer-
bation (58% of all patients). The median time from the index date to the first COPD exacerbation was 12.0 months (IQR
3.8-28.6), and from the first to the second exacerbation 7.0 months (IQR 2.3—17.7). Of patients with a first exacerbation,
3352 (22.2%) died within 15 months after the exacerbation.
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Table | Baseline Characteristics of the Study Population

All No COPD Visit COPD Visit
Patients, n 19,857 12,075 7782
Females, n (%) 11,266 (56.7) 7015 (58.1) 4251 (54.6)
Age, mean (SD) 69.1 (10.7) 68.8 (11.0) 69.4 (10.3)
Treatment collected at index, n (%)
- LAMA or LABA 9034 (45.5) 5016 (41.5) 4018 (51.6)
- LAMA and LABA 673 (3.4) 307 (2.5) 366 (4.7)
- ICS+LAMA or ICS+LABA 5753 (29.0) 3851 (31.9) 1902 (24.4)
- ICS+LAMA+LABA 2111 (10.6) 1240 (10.3) 871 (11.2)
- ICS alone 2286 (11.5) 1661 (13.8) 625 (8.0)
Comorbidities, n (%)
- Upper respiratory tract infections 3585 (18.1) 2100 (17.4) 1485 (19.1)
- Chronic bronchitis 806 (4.1) 525 (4.3) 281 (3.6)
- Asthma 3990 (20.1) 2731 (22.6) 1259 (16.2)
- Pneumonia 3063 (15.4) 1961 (16.2) 1102 (14.2)
- Diabetes, type 2 2699 (13.6) 1640 (13.6) 1059 (13.6)
- Metabolic Disorders 3519 (17.7) 2114 (17.5) 1405 (18.1)
- Depression 1638 (8.2) 960 (8.0) 678 (8.7)
- Hypertension 9415 (47.4) 5498 (45.5) 3917 (50.3%)
- Ischemic heart disease 3019 (15.2) 1951 (16.2) 1068 (13.7)
- Heart Failure 2566 (12.9) 1624 (13.4) 942 (12.1)
- Malignant neoplasm 1233 (6.2) 717 (5.9) 516 (6.6)
- Cerebrovascular diseases 1387 (7.0) 848 (7.0) 539 (6.9)
- Osteoporosis 855 (4.3) 504 (4.2) 351 (4.5)
- Dermatitis and eczema 1958 (9.9) 1124 (9.3) 834 (10.7)
Charlson comorbidity index (CCl), n (%)
- CCl: 0-1 11,558 (58.2) 6922 (57.3) 4636 (59.6)
-CCl:2 4156 (20.9) 2567 (21.3) 1589 (20.4)
-CCI: 3 2195 (11.1) 1350 (11.2) 845 (10.9)
- CCl: 4 1015 (5.1) 652 (5.4) 363 (4.7)
- CCl: 25 933 (4.7) 584 (4.8) 349 (4.5)

Notes: All comorbidities available in primary care and patient registers up to five years before index date (index date not
included) collected (patients with malignant neoplasm the year before index were excluded).

Table 2 Regular Follow-Up Visits for COPD (Within |5 Months Post-Index) and Post-Exacerbation Visits

(Within |5 Months Post-Exacerbation) in Primary and Secondary Care and in Total

Primary Care Secondary Care COPD Visit in Primary or
COPD Visit Outpatient COPD Visit Secondary Care
Regular follow-up visits
Number of visits, n (%)
0 visit, n (%) 12,740 (64.2) 18,667 (94.0) 12,075 (60.8)
| visit, n (%) 3696 (18.6) 955 (4.8) 3958 (19.9)
2+ visits 3421 (17.2) 235 (1.2) 3824 (19.3)
Post-exacerbation follow-up visits™ a
Number of visits, n (%)
0 visit, n (%) 9002 (70.7) 1344 (61.0) 9002 (70.7)
| visit, n (%) 1945 (15.3) 379 (17.2) 1945 (15.3)
2+ visits 1777 (14.0) 479 (21.8) 1777 (14.0)

Notes: "Patients have been censored at the time of the second exacerbation. QOnIy patients with at least 20 days of follow-up after the first

exacerbation have been included.
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Figure | Probability of COPD-related follow-up visit after index date accounting for competing risks (exacerbation and death).

In patients who experienced a first COPD exacerbation, the overall probability of having a post-exacerbation visit
within six weeks was 7.0%. After a moderate exacerbation, this probability was 6.2% (95% CI: 5.8-6.6%) and after a
severe exacerbation 11.9% (95% CI: 10.6-13.3%). The overall probability of having a post-exacerbation follow-up visit
within 15 months was 29.7%. After a moderate exacerbation, this probability was 28.4% (95% CI. 27.6-29.2)
(Figure 2A) and after a severe exacerbation 36.9% (95% CI: 34.9-39.0 (Figure 2B). Of patients who had a post-
exacerbation follow-up visit within 15 months, 3722 (25%) had had at least one, and 1777 (12%) two or more such visits.

Patients with severe exacerbations had a higher probability of having a post-exacerbation follow-up visit within 15
months than those with moderate exacerbations. Male sex, increasing age, the Charlson comorbidity index equal to or
more than five, the year of inclusion, and treatments with LAMA+LABA or ICS+LABA+LAMA were associated with a
higher probability of post-exacerbation visits (Supplementary Table 1). The overall probability of having a visit after a

COPD exacerbation increased slightly (from 29.7% to 33.7%, p < 0.001) when the observation period was extended from
15 to 30 months (Figure 2).

Changes in Visit Patterns Over |10 Years
The probability of having at least one regular follow-up visit within 15 months after the index date increased from 17.4%
in 2006 to 53.4% in 2017 (Figure 3). In the same time period, the probability of having a post-exacerbation follow-up
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Figure 2 Probability of COPD-related follow-up visit after the first exacerbation (A) moderate, (B) severe) accounting for competing risks (exacerbation and death).

visit increased from 11.0% to 38.3% (data not shown in Figure 3). The probability of having a moderate to severe
exacerbation decreased from 54.8% to 40% (Figure 3).

Pharmacological Treatment

At the index date, all patients collected an inhaled maintenance treatment. In the last three months of the 15 month
follow-up period, the proportion of patients collecting these treatments had decreased to 59% (Figure 4). At the index
date, 24% of the patients collected a combination of LABA + LAMA + ICS. This proportion decreased to 16% the last
three months of the follow-up period (Figure 4). The proportion of patients without any collection of maintenance
treatment after the index date was higher in patients without regular follow-up visits (Figure 4A) than in patients with a
visit (16.5% vs 10.9%, p < 0.001) (Figure 4B). Additionally, patients without regular follow-up visits claimed more OCS
(25.6% vs 15.6%, p < 0.001) and more respiratory antibiotics (39.1% vs 23.1%, p < 0.001) than patients who had a
regular follow-up visit within 15 months after the index (data not shown in Figure 4).

Discussion

In this Swedish study of almost 20,000 patients with COPD, we found that the probability of having a regular follow-up
visit either in primary or secondary care within 15 months after the patient had started a maintenance inhaled medication
(the index date) was 39%. The vast majority of visits, 36%, were conducted in primary care. Three of four patients
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Figure 3 Probability of COPD follow-up visits and exacerbation within |15 months after the event, across calendar year accounting for competing risks (exacerbation and
death).

experienced a COPD exacerbation within 15 months after the index date. The overall probability of a post-exacerbation
follow-up visit within six weeks was 7.0% and within 15 months it was 29.7%. Patients without a follow-up visit
collected less ICS, and more OCS and respiratory antibiotics than patients with a visit. Although approximately 75% of
the patients had experienced a COPD exacerbation, less than one-fourth collected pharmacological treatment with a
LAMA+LABA+ICS combination. However, a positive finding in this study was that the probability of having any kind
of COPD-related visit increased from 2006 to 2017. Simultaneously, the proportion of patients who experienced a COPD
exacerbation decreased.

Although the overall probability of any follow-up visit was low, an alarming finding was that the probability of
attending a post-exacerbation follow-up visit was lower than that of a regular (annual) follow-up visit. One possible
explanation to this is that more than 20% of patients who exacerbated died during the 15-month observation time, which
illustrates the prognostic severity related to COPD exacerbations.'**'* The probability of having a medical review of
COPD within six weeks after an exacerbation was very low. In fact, when prolonging the follow-up to 15 months after
the exacerbation, only 37% of the patients with a severe exacerbation and even fewer of those with a moderate
exacerbation had had a follow-up visit regardless of whether they were seen at primary or secondary care. Our findings
are in line with a recent study from Sweden that showed that less than 30% of the patients had an outpatient secondary
care follow-up visit within the first year after they have been hospitalized due to a severe COPD exacerbation.'> A
follow-up visit provides the physician or the COPD nurse the opportunity to evaluate symptoms and treatment effects,
assess future risks, and make necessary adjustments to the treatment, including management of comorbidities.
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Figure 4 COPD treatment patterns during follow-up at 0-3, 3-6, 6-9, 9—12 and 12-15 months after index date stratified by (A) without COPD visit (n=11,387) and (B)
with COPD visit (n=7416).

Additionally, patient’s subjective physical, emotional, and social needs can be addressed, thus laying ground for person-
centered care.'® Feelings of loss, hopelessness, and uncertainty are common particularly after an acute exacerbation,
increasing patients’ call for support at these times.'” Moreover, COPD exacerbations lead to impaired quality of life,'®
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and an increased risk of developing depression and/or anxiety,'” which should be monitored by health-care professionals.
There is a strong evidence that continuity of care plays a key role in preventing COPD exacerbations and improving both
health status and quality of life.”*** A structured, inter-professional COPD management, including follow-up visits as
recommended by the guidelines leads to improved health status and fewer exacerbations.”® However, most primary
health-care centers do not offer their patients such specialized COPD care. In fact, COPD is often undertreated and
undermanaged in primary care.”** Moreover, managing multimorbidity is a complex task and may often lead to de-
prioritization of COPD in clinical practice.”> Under these circumstances, adhering to guideline recommendations about
reviewing COPD patients may be difficult.

Patients with regular follow-up visits used more inhaled maintenance treatments and less OCS and antibiotics
treatments than those without regular visits, which can be attributed to the lower rate of exacerbations in patients who
had been regularly reviewed by their physicians/nurses. By definition, all patients in our study population were on
maintenance treatment with inhaled LAMA, LABA and/or ICS at the index. However, our findings indicate that patients
were generally undertreated with inhaled medications. This is in line with findings from a Swedish primary care study
from the same time period as our study: 35% of the COPD patients had no maintenance treatment.”® As prescriptions of
medications for chronic diseases in Sweden are usually issued for 12 months with collections at the pharmacy every third
month, changes in medications found by analyzing the data from the Prescribed Drug Registry do not have to involve a
patient visit or other contact with the prescriber. At the end of the 15-month observation time, only 59% of the patients in
our study had collected any medication for maintenance treatment during the preceding three months. Similar phenomena
of undertreatment have previously been observed in asthma studies.?’ =’

More than 75% of the patients in our study population had at least one moderate or severe exacerbation during the observation
period of 15 months. The high prevalence of exacerbations in COPD populations who are on maintenance treatments has been
demonstrated in previous studies.*>*! However, less than one-fourth of the patients in our study had treatment with LAMA
+LABA+ICS. This so-called triple therapy has been shown to lead to a significant reduction of exacerbations and mortality when
compared to dual therapies with LABA/LAMA or ICS/LABA >*** It is crucially important to monitor and adjust the patient’s
treatment after an exacerbation and thus optimize the pharmacological and non-pharmacological treatment improve chances to
prevent future exacerbations as the mortality risk increases rapidly by each exacerbation.'*'* In a 2020 Swedish study, only 42%
of the patients, who had been hospitalized due to a severe COPD exacerbation, received treatment escalation to prevent future
exacerbations.'® Furthermore, patients whose medication optimization is delayed experience a greater risk of future exacerba-
tions and significant higher risk of future exacerbations, hospitalizations and higher comorbidity burden than patients whose
pharmacotherapy is optimized within 30 days after the exacerbation.** ¢

In the present study, we found that the proportion of COPD patients that had regular follow-up visits and post-exacerbation
visits increased from 2006 to 2017. In parallel, the proportion of patients having an exacerbation decreased. This positive
development is in line with what has previously been reported for the time period between 1999 and 2009 in the Swedish PATHOS
study.”” One explanation for this positive development may be that the update of the Swedish national guidelines for COPD
management was published in 2015,” which contributed to increased awareness of COPD in health-care professionals and the
patients.

COPD with multiple chronic comorbidities is associated with impaired health status, increased risk of exacerbations,
and increased mortality.***° Multimorbidity often contributes to problems with guideline adherence and thus complexity
in the management of COPD, thus increasing the need of individualized care. In our study, only a high Charlson
comorbidity index (equal to or more than five, ie, a heavy multimorbidity burden) was associated with an increased
probability of having a regular or post-exacerbation follow-up visit related to COPD. This suggests that the vast majority
of patients with COPD in our study, who have a moderate burden of comorbidity, are not sufficiently reviewed regarding
their COPD. Whether COPD reviews are de-prioritized in primary care at the expense of reviews of other common
chronic diseases was not the scope of this paper but would be an interesting subject of future research.

A strength of this study was that we were able to study a large, unselected, and population-based cohort of COPD patients,
which enabled exploring real-world data from both primary and secondary care. Primary care electronic medical records data
were linked with national health-care registries with high quality and coverage, thus providing solid and unique data, although
clinical data, such as lung function values and information about smoking and cough, were not available.
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This study also comes with some methodological limitations. Acute visits in primary care without a collection of OCS
and/or an antibiotic at the same day were regarded as regular visits, as the ICD-10 code for acute exacerbation (J441) is
normally not used in Swedish primary care settings. This may potentially have led to an over-estimate of the regular
follow-up visits. On the other hand, some COPD reviews and prescriptions may have taken place over remote
consultations, visits may have occurred outside the regions that were included in our study, and visits may have been
misclassified or taken place without registration of a COPD diagnosis. Any of these courses of events could have
contributed to an under-estimation of the number of follow-up visits. However, we assess that such possible biases were
not likely to be of significance as the reimbursement system in Swedish primary care gives a strong incentive for GPs to
register all diagnoses in the medical records at every visit. Finally, as always in observational studies like this, the level of
actual use of medication remains unknown.

Conclusions

We found that only two in five of the COPD patients had a regular follow-up visit for COPD within 15-months, and only
one-third had a post-exacerbation visit. COPD was generally undertreated and undermanaged. The adherence to the
recommendations of global and national guidelines was thus insufficient. Our results highlight the need for improved
adherence to guidelines to optimize COPD care.

Abbreviation

ATC, Anatomical Therapeutic Chemical code; CCI, Charlson Comorbidity Index; CI, Confidence Intervals; COPD,
Chronic Obstructive Pulmonary Disease; ICD, International Classification of Diseases; ICS, Inhaled corticosteroids; IQR,
Interquartile Range; IRR, Incidence Rate Ratio; LABA, Long, acting B, agonists; LAMA, Long, acting muscarinic
antagonists; OCS, Oral corticosteroids; SD, Standard Deviation.
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