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Background: Symptom control has not improved in Swedish asthma patients during the last two decades. Guidelines recommend
annual reviews for asthma patients treated with maintenance inhaled corticosteroids (ICS). We aimed to describe how visit patterns in
an ICS-treated asthma population in Sweden were related to applicable asthma guidelines.

Methods: Swedish electronic health data for incident asthma patients, >18 years, with at least one ICS collection (index date) between
2006 and 2017 were included. Exacerbations were defined as hospitalizations, emergency visits, or collection of oral corticosteroids
(OCS). Probability of an asthma-related regular follow-up visit and probability of a follow-up visit after an exacerbation, both within
15 months, were estimated using the cumulative incidence function, time-to-event analysis, and incident rate ratios.

Results: In 51,349 asthma patients (mean age 47.6 years, 63% females), 17,573 had a regular asthma visit in primary or secondary
care within 15 months after the index, yielding an overall probability of a visit of 37.4%. Patients with a follow-up visit had higher ICS
collection and lower OCS collection than patients without regular visits. Among 22,097 patients with acute exacerbations, the
probability of a visit within 15 months after an exacerbation was 31.0%. The probability of having a visit increased during the
study period.

Conclusion: Only one-third of ICS-treated asthma patients, regardless of asthma severity, had a regular or post-exacerbation follow-
up visit within a 15-month period. The consequences of this lack of adherence to guidelines need further evaluation to secure optimal
asthma management.
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Introduction

Asthma is a heterogeneous, chronic, inflammatory airway disease that is estimated to affect 339 million people
worldwide.' Even though asthma is a rare cause of mortality in the Nordic countries,' it continues to cause considerable
morbidity across the world.?> Despite the availability of efficient anti-inflammatory treatments, many asthma patients
lack full asthma control, as defined by international guidelines.*

In Sweden, the majority of patients with asthma are managed by primary care.” The publicly funded, primary care-
based healthcare system aims to provide the same access and standard of care for all patients, independent of socio-
economic status or geographical localization. There is a low patient fee for health-care visits and costs of medications.
For chronic conditions, patients are typically prescribed medications for one year by their general practitioner, with
collection at pharmacy every third month. In addition, it is possible to get a prescription renewed by telephone or email
without visiting a doctor.
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According to the Swedish guidelines® and the current Global Initiative for Asthma (GINA) report,® well-controlled
asthma patients on maintenance inhaled corticosteroids (ICS) treatment should have a review by their physician once
annually, and patients with uncontrolled asthma should be reviewed at least twice per year.*” Patients who have had an
asthma exacerbation should have a follow-up within six weeks after the exacerbation, and after that at least twice annually.
These consultations should address possible sources of poor asthma control, for instance by evaluating symptoms and
physical activity, taking smoking and sick-leave history, controlling inhaler technique, and reviewing or developing a written
individual action plan.” Planned asthma management with a systematic approach including regular follow-up visits in
primary care has shown to improve asthma control.® However, previous studies and reports from Sweden have shown that
60% of asthma patients are uncontrolled — a proportion that has remained unchanged for the past two decades.”®

The aim of this study was to describe asthma-related visit patterns in Swedish primary and secondary care, by the
frequency of both regular follow-up visits and post-exacerbation visits, in an ICS-treated asthma population, and relate
the findings to applicable asthma management guidelines. In addition, this study aimed to describe the baseline patient
characteristics and respiratory medication collection during follow-up in those with and without a visit.

Materials and Methods
Study Design and Data Sources

In this observational cohort study, asthma patients were identified in primary care medical records. The primary health-
care centers that were included in the study were either publicly funded (Stockholm county) or both publicly and
privately funded (Uppsala county), and covered approximately 2.7 million inhabitants. Medical record data were
extracted and linked by the Swedish National Board of Health and Welfare to data from Swedish national health
registers (the National Patient Register, the Cause of Death Register, and the Swedish Prescribed Drug Register).
Individual linkage between registers was possible due to the personal identification number assigned to all residents in
Sweden. Once the patients were included in the study, the personal identification number was replaced with a study
identification number. 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 an open cohort of patients with an asthma diagnosis between January 2006 and December 2017, with
a rolling index date defined as the first collection of an ICS inhaler after the asthma diagnosis (Supplementary Figure 1).

All patients aged >18 years with a main diagnosis of asthma (ICD-10 J45, J46) in primary care (as well as in secondary
care in Uppsala county), who had had at least one collection of ICS (ATC code RO3BA, RO3AK) after the diagnosis of
asthma were included. We excluded patients who had an asthma diagnosis registered prior to 2006; patients who were not
residents in either of the two regions at the index date; and patients with comorbid diseases commonly treated with oral
corticosteroids (OCS) (Crohn’s disease, ulcerative colitis, rheumatoid arthritis or polymyalgia rheumatica before the
index date) (Supplementary Table 1). These exclusions resulted in a cohort of 51,395 asthma patients in which we

analyzed regular asthma follow-up visits after the index date. Analyses of follow-up visits after a moderate or severe
exacerbation were performed in a cohort of 22,097 patients who had at least one exacerbation between 2006 and 2017.

Outcomes and Variables

The main outcome was asthma-related follow-up visits defined as either a primary care nurse or physician visit with
asthma as the main diagnosis, or a secondary outpatient visit with asthma as the main diagnosis. Two types of asthma-
related visits were identified; 1) regular follow-up visits after the index date, and II) follow-up visits after an exacerbation
(post-exacerbation visit). Based on guideline recommendations, regular follow-up visits were identified within 15 months
after the index date, and post-exacerbation follow-up visits were identified within 15 months after an exacerbation. The
present study defined a moderate exacerbation as a deterioration of asthma which led to either a collection of OCS or an
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emergency visit at hospital. A severe exacerbation was defined as a hospitalization with asthma as the main diagnosis.
Recurrent exacerbations within 14 days were combined and considered as one exacerbation.

In this study, the ICS dose (budesonide equivalent) collected at the index date was used to indicate asthma severity at
the time of inclusion in the study. Low/medium dose ICS (<800 pg) with or without long-acting 3,-agonist (LABA) was
considered as mild/moderate asthma and high dose ICS (>800 ng) was considered as severe asthma. Comorbidities were
identified using primary and secondary diagnoses (ICD-10 codes) from all available data in primary care medical records
and the national Patient Register at any time prior to the index. Asthma medications were identified in the national
Prescribed Drug Register (ATC codes) (Supplementary Table 1).

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 asthma visits started
on the index date (first ICS collection) and ended after 15 months. Similarly, the follow-up period for exacerbation-
related visits 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 exacerbation-related visits was estimated using the cumulative incidence function with corresponding
confidence intervals. In addition, the probabilities of having an asthma-related follow-up visit overall and by type of
visit (primary care visit or outpatient secondary care visit) were analysed with a time-to-event analysis using Kaplan—
Meier estimates. Follow-up visits after moderate and severe exacerbations were analysed separately, using the Kaplan—
Meier function. Patients were censored in the event of an OCS-related diagnosis, exacerbation, emigration or death,
whichever occurred first. These probabilities represent the chances of having an asthma-related follow-up visit in the
absence of exacerbation, migration, and death and are thus useful for comparisons of visit probabilities across groups of
patients and time.

The trends over time, regarding both regular follow-up visits and post-exacerbation 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% confidence intervals (Cls).

To explore the effects of sex and age (18-34, 35—49, 50-64, 65+ years) on regular asthma-related follow-up visits, the
calendar year was used as a continuous variable and the incidence rate ratios (IRR) of asthma-related follow-up visits
with 95% CI were calculated using a negative binomial regression model.

To explore the changes in visit patterns over a longer follow-up period, the cumulative incidence of both a regular
visit and a post-exacerbation visit with 30 months follow-up was calculated.

Results

A total of 51,349 patients (mean age 47.6 years, 63% females) with a claim of an ICS inhaler after the first registered
diagnosis of asthma in primary or secondary care between 2006 and 2017 were included in the study (Table 1). Of these,
48,458 patients had a mild/moderate asthma and 2891 patients had a severe asthma at the index. The most common
chronic comorbidity was hypertension (19.5%), whereas 13.8% had allergies and 13.2% dermatitis/eczema (Table 1).
Overall, 5.9% had a concomitant diagnosis of chronic obstructive pulmonary (COPD) disease.

Regular Asthma Visits in Primary and Secondary Care

During the 15 months follow-up period after the index, 17,573 patients out of 51,349 had at least one regular asthma
follow-up visit (33.9% of the patients with mild/moderate and 40.4% of patients with severe asthma), 10,276 had one
visit and 7297 had two or more visits (Table 2). The overall probability of having a regular follow-up visit was 37.4%
(95% CI: 37.0-37.8). The majority of follow-up visits occurred in primary care (Figure 1 and Table 2). Female sex and
increasing age were associated with a higher rate (IRR) of a follow-up visit 15 months after the index (Supplementary
Table 2). The overall probability of having a regular visit did not increase markedly over a follow-up period of 30 months
(47.6%, 95% CI: 47.1-48.1).
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Table | Baseline Characteristics of Study Population

Patient Characteristics All patients Patients without Patients with visits
visits
Patients, n 51,349 33,776 17,573
Age, Mean (SD) 47.6 (18.4) 47.3 (18.4) 483 (18.3)
Females, n (%) 32,164 (62.6) 21,017 (62.2) 11,147 (63.4)
Index year
2006-2009 9048 (17.6) 7040 (20.8) 2008 (11.4)
20102013 23,155 (45.1) 15,066 (44.6) 8089 (46.0)
2014-2017 19,146 (37.3) 11,670 (34.6) 7476 (42.5)
ICS dose at index (budesonide equivalent) n, (%)
Low/medium dose (<800 pg) 48,458 (94.3) 32,052 (94.9) 16,406 (93.4)
High dose (>800 pg) 2891 (5.7) 1724 (5.1) 1167 (6.6)

Comorbidities, n (%)

Respiratory related

-Chronic rhinitis 1221 (2.4) 734 (2.2) 487 (2.8)
-Nasal polyps 1240 (2.4) 787 (2.3) 453 (2.6)
-Acute lower respiratory tract infections 5861 (11.4) 3677 (10.9) 2184 (12.4)
-Chronic bronchitis 905 (1.8) 588 (1.7) 317 (1.8)
-COPD 3015 (5.9) 2172 (6.4) 843 (4.8)
-Pneumonia 4772 (9.3) 3182 (94) 1590 (9.0)
-Acute upper respiratory tract infections 15,526 (30.2) 9825 (29.1) 5701 (32.4)
Hypertension 10,022 (19.5) 6396 (18.9) 3626 (20.6)
Allergies 7065 (13.8) 4613 (13.7) 2452 (14.0)
Dermatitis and eczema 6781 (13.2) 4254 (12.6) 2527 (14.4)
Depression 4907 (9.6) 3215 (9.5) 1692 (9.6)
Malignant neoplasm 3218 (6.3) 2145 (6.4) 1073 (6.1)
Diabetes, type 2 2772 (5.4) 1809 (5.4) 963 (5.5)
Ischaemic heart disease 2627 (5.1) 1776 (5.3) 851 (4.8)
Heart Failure 1426 (2.8) 1013 (3.0) 413 (2.4)
Osteoporosis 770 (1.5) 492 (1.5) 278 (1.6)

Table 2 Asthma Follow-Up Visits During |5 Months After Index and |15 Months After an Exacerbation,
by Type of Visit

Primary care visit Outpatient Any visit (primary
secondary care visit | or secondary care)

Regular follow-up visits

Number of visits, n (%)

0 visits 36,627 (71.3) 46,951 (91.4) 33,776 (65.8)
I visit 9229 (18.0) 3135 (6.1) 10,276 (20.0)
2 or more visits 5493 (10.7) 1263 (2.5) 7297 (14.2)
Mean (SD) 0.47 (1.10) 0.14 (0.82) 0.61 (1.38)

Exacerbation-related visits

Number of visits, n (%)

0 visit 17,891 (81.4) 20,138 (91.7) 16,699 (76.0)
| visit 2578 (11.7) 1270 (5.8) 3015 (13.7)
2 or more Vvisits 1503 (6.8) 564 (2.6) 2258 (10.3)
Mean (SD) 0.31 (0.83) 0.14 (0.76) 0.45 (1.15)
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Figure | Probability of having an asthma follow-up visit within 15 months after index date*.
Note: Patients are censored at time of first moderate or severe exacerbation.

Characteristics of Patients with and without Follow-Up Visits

Respiratory-related comorbidities were slightly more common in patients who had had a follow-up visit and
a slightly higher proportion of patients in this group collected a high dose ICS at index (Table 1). The follow-up
visit patterns were similar in men and women, and the mean age was the same for those who had a follow-up visit
and those who did not.

The proportion of patients who collected ICS, ICS/LABA, LABA, LTRA and SABA was higher among
patients with a regular follow-up visit compared to those without a visit within 15 months after the index
(Table 3). In contrast, the proportion of patients who collected OCS was higher in patients with no follow-up
visit (Table 3).

Follow-Up Visits After an Exacerbation (Post-Exacerbation Visits)
In total, 22,097 (43%) of the patients in this study had at least one acute exacerbation of asthma, of which 62.4%
experienced a second exacerbation, within 15 months from the index date. The average time between the first and
the second exacerbation was nine months (Interquartile range, IQR: 2.6-22.2).

Among patients who had had an exacerbation of asthma, 5273 patients had at least one follow-up visit within 15
months after the exacerbation; 3015 had one visit and 2258 had two or more visits (Table 2). The overall probability of
having a visit due to asthma within 15 months after the exacerbation was 31.0% (95% CI: 30.3-31.8). The probability of
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Table 3 Respiratory Related Medications During 15 Months Following Index

Respiratory Medications, n (%)

All patients (n=51,349)

Patients without visits (n=36,020)

Patients with visits (n=15,329)

ICS mono inhaler

ICS/LABA combinations
ICS/LABA/LAMA combinations
Any ICS containing inhaler
LABA

LAMA

SABA

Leukotriene modifiers

Any oral corticosteroids
Regular oral corticosteroids*
N-acetylcysteine

Nasal corticosteroids

21,456 (41.8)
18,241 (35.5)
3 (0.0)
36,210 (70.5)
5474 (10.7)
2499 (4.9)
23,790 (46.3)
4710 (9.2)
9823 (19.1)
1275 (2.5)
6617 (12.9)

14,256 (27.8)

12,428 (36.8)
10,744 (31.8)
2 (0.0)
21,607 (64.0)
3060 (9.1)
1649 (4.9)
14,095 (41.7)
2301 (6.8)
7073 (20.9)
1019 (3.0)
4209 (12.5)
8661 (25.6)

9028 (51.4)
7497 (42.7)

| (0.0)
14,603 (83.1)
2414 (13.7)
850 (4.8)
9695 (55.2)
2409 (13.7)
2750 (15.6)
256 (1.5)
2408 (13.7)
5595 (31.8)

Note: Medications claimed from pharmacy *Defined as at least 4 collections.

having a visit after a severe exacerbation was 47.2% (95% CI: 40.8-52.9) whereas after a moderate exacerbation the
probability was 30.8% (95% CI; 30.0-31.5) (Figure 2). The probability of having an outpatient visit was higher if the

exacerbation had been severe rather than moderate (Figure 2).
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Figure 2 Probability of having an asthma follow-up visit within 15 months after an exacerbation, by type of index exacerbation and type of follow-up visit.
Note: Patients are censored at time of second moderate or severe exacerbation.
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The probability of having an asthma-related visit within 30 months after a moderate exacerbation was 40.8% (95%
CI: 39.9-41.7) and 59.2% (95% CI: 52.2-65.2) after a severe exacerbation.

Pharmacological Treatment
Overall, 70.5% of the asthma patients collected at least one ICS inhaler, either in mono or fixed combinations, during the
15 months of follow-up after the index (Figure 3). Among these, 26.2% collected ICS inhalers at least four times

A
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£
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Figure 3 Proportion of patients with |, 2, 3, 24 claims of ICS* at pharmacy during |5 months follow-up after index, stratified by (A) calendar period of inclusion; 2006—
2009, 2010-2013, 2014-2017 as well as (B) the full follow-up period 2006—2017.

Notes: ICS collection at pharmacy includes both mono- and combination treatment.

Abbreviation: ICS, inhaled corticosteroid.
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(Figure 3), most commonly as mono inhalers (42% of all dispensed ICS inhalers) (Table 3). Short-acting B,-agonist
(SABA) was collected by 46.3% and OCS by 19.1% whereof 2.5% were collecting OCS regularly.

Among patients who had acute asthma exacerbations, 74.8% collected at least one ICS inhaler and 43.9% collected
OCS during the 15 months follow-up period after the exacerbation.

Changes in Visit Patterns and ICS Collection Over Time

The probability of having at least one follow-up visit within 15 months after the index increased over the study period,
from 20.1% in 2006 to 48.0% in 2017. Also, the probability of a visit after the first exacerbation increased slightly over
time, from 27.6% in 2006 to 32.8% in 2017 (Figure 4). In contrast, the proportion of patients who collected at least one
ICS inhaler within 15 months after the index decreased over time, from 78% for patients who were included during
20062009 to 66% for patients included in 2014-2017 (Figure 3).

Discussion

In this study of more than 51,000 asthma patients treated with ICS at some point between 2006 and 2017, we found that
the probability of an asthma-related follow-up visit either in primary or secondary care was only 37% within 15 months
after the index date of first collection of ICS, regardless of disease severity at the index. Almost half of the patients

experienced an exacerbation and among those, the overall probability of a follow-up visit within 15 months after the

Visit after index ¢ Visit after exacerbation

100
80
60

40

IR

TS S T A S P

Probability of asthma-related follow-up visit at 15 months (%)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Year

Figure 4 Probability of having an asthma follow-up visit at 15 months after index date and after first exacerbation, by calendar year of inclusion.
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exacerbation was only 31%. A positive finding was that the probability of follow-up visits increased over time during the
study period. However, over the same period the proportion of patients collecting ICS inhalers decreased.

The clinical guidelines recommend that exacerbating patients should be evaluated within 6 weeks after an
exacerbation.’ Thus, one of the most alarming findings in our study was that less than half of the patients with severe
exacerbations had a follow-up visit to evaluate treatment and symptoms and even fewer had a follow-up visit after
a moderate exacerbation. Overall, the findings of this study highlight that adherence to asthma management guidelines
in general was low. This is in line with previous research that indicates that only one-third of patients with severe
asthma and only one in five of patients with mild to moderate asthma had a contact with primary care in Sweden.’ Also,
a recent Finnish study showed that asthma patients had in average only four regular asthma reviews during a 12-year
period."’

Regular asthma reviews improve asthma outcomes,”'' and the current Swedish guidelines recommend regular
follow-up of patients with uncontrolled asthma and define in detail the contents of the clinical asthma reviews.’ These
guidelines were published in 2007, and as expected we found an overall increase in the proportion of patients with an
asthma follow-up visit during the study’s 11-year observation period (2006-2017), even though the follow-up rate still
remained clearly insufficient.

12715 and in particular

Suboptimal adherence to guidelines is a common worldwide problem seen not only in asthma,
in severe asthma,'® but also in chronic obstructive pulmonary disease and other common chronic conditions, such as
cardiovascular diseases and diabetes.'” ' Asthma reviews are known to be significantly associated with a reduced risk of
severe asthma exacerbations.”> Additionally, the risk of a subsequent, acute exacerbation is increased in patients who
previously have had a severe asthma exacerbation, indicating that these patients need high-intensity post-exacerbation
treatment. Therefore, the findings in our study on the low frequency of asthma reviews after acute exacerbations were
particularly worrying, although poor follow-up routines in asthma care have been reported also from other countries,”=*
regardless of the healthcare system or demographics.

In Sweden, the organizational challenges of the health-care system, mainly due to the lack of general practitioners and
increased workloads in primary care, may have contributed to the low frequency of follow-up visits and increased

25 Alternatives to traditional face-to-face consultations with

discontinuity in asthma care over the past decades.
a physician, such as telephone and video consultations and consultations with an asthma/COPD nurse, have become more
common.**?” As our results were based on registered, face-to-face visits with a physician, the alternative consultation ways
may have affected the results of our study. Particularly, telephone consultations have been a part of routine primary care in
Sweden for a long time. Although nurse-led clinics in primary care have shown to improve the quality of asthma care,?® only
a minority of patients have a care contact with such a clinic.® A well-structured video or telephone consultation can be
a complement to a traditional follow-up visit.***° However, as there has been an increasing shortage of resources and staff in
the Swedish primary care in recent decades, prescription renewals without paying attention to evaluating asthma control,
inhaler technique, and prescribed medications are likely to be common. Patients with chronic conditions are typically
prescribed medications to last for one year, and it is possible for the patient to contact their general practitioner by telephone
or email to get a prescription renewal without talking to or visiting a health-care professional. This saves time, both for
patients and physicians, but it may also be a missed opportunity to provide patient education and adjust treatments. In our
study, we found that patients without an asthma follow-up visit collected less inhaled asthma treatments including ICS than
those who had a visit, but they also collected more OCS. This is a sign of an insufficient asthma treatment, suboptimal asthma
control, and an increased risk of disease deterioration®” in patients who had not had a follow-up visit, which highlights the
importance of a face-to-face visit with a health-care provider.

In the present study, all patients had an asthma diagnosis prior to the collection of the index ICS. However, 75% of
the patients did not collect enough of ICS inhalers to cover their daily treatment during the 15-months follow-up, and
30% did not collect any ICS inhalers after the index collection. Low adherence to treatments with ICS has been described
in other recent reports from Sweden: one study’' showed that 60% of patients with asthma did not collect ICS after an
asthma-related hospitalization, and another study reported an overuse of SABA parallel to a nearly doubled number of
patients not claiming ICS during the observation period.*® As such undertreatment leads to poor asthma control, it is not
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surprising that previous research consistently shows insufficient asthma control in patients in Sweden over the last two
decades.”®

Strengths and Limitations

A major strength of this study is that it includes an unselected, population-based cohort of Swedish asthma patients, which
limits the risk of selection bias. Furthermore, it includes real-world data from both primary and secondary care settings. The
data extraction from primary care electronic medical records linked with mandatory, and thus comprehensive national health-
care registers provides solid and unique data. However, there are also some methodological limitations that should be
considered when interpreting the results. Data about collections of prescription medications are used as a proxy for
medication use, but leave the level of actual use unknown. ICS dose collected at the index date was used as a proxy for
disease severity. The large sample size in our study is likely to counteract possible bias due to missing data and
misclassifications of asthma visits. Such bias could, for instance, occur if general practitioners have discussed the patient’s
asthma management passingly at a visit scheduled for another reason than asthma, thus possibly not having registered the
asthma diagnosis. Additionally, some patients may have had a remote review with no registered visit as a consequence, or
they have seen a physician outside the counties of Stockholm and Uppsala. Further, we do not have access to all
comorbidities in our dataset, why there may be some patients treated with OCS for other diseases than asthma, also after
excluding patients with Crohn’s disease, ulcerative colitis, rheumatoid arthritis and polymyalgia rheumatica.

Conclusion

In this study about the management of asthma in Sweden, we found that the adherence to national guidelines is
insufficient as only approximately a third of asthma patients, regardless of asthma severity, have a regular asthma follow-
up visit within a 15-month period. In addition, only one of three patients with an acute asthma exacerbation had a follow-
up visit with a health-care provider and only two out of five patients with severe exacerbations had a follow-up visit.
Patients without an asthma follow-up visit collected less inhaled maintenance treatments and more OCS than those who
had a visit. This indicates a poor quality of maintenance asthma treatment and poor asthma control in patients without
asthma reviews. This study highlights the need for intensification of asthma follow-up, especially in patients who

exacerbate, in order to treat uncontrolled asthma and prevent future exacerbations.
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