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Background: Uncontrolled asthma (UCA) is different from
severe asthma and can be identified in children across all ranges
of prescribed treatment.
Objective: Our aim was to characterize uncontrolled childhood
asthma in pediatric specialist care.
Methods: We performed a nationwide cross-sectional study of
5497 children (aged 6-17 years) with asthma who were treated
by pediatricians at outpatient clinics during 2019 and registered
in the Swedish National Airway Register. UCAwas defined as an
Asthma Control Test score of 19 or lower and/or 2 or more
exacerbations in the past year and/or an FEV1 value less than
80% predicted. Treatment was categorized from step 1 to step 5
according to the Global Initiative for Asthma.
Results: UCA was identified in 1690 children (31%), of whom
64% had an Asthma Control Test score of 19 or lower, 20% had
recurrent exacerbations, and 31% had an FEV1 value less than
80% predicted. UCAwas associated with female sex (odds ratio
[OR] 5 1.29 [95% CI 5 1.15-1.45]), older age (OR 5 1.02 [95%
CI5 1.00-1.04]), obesity (OR5 1.43 [95% CI5 1.12-1.83]), and
more treatment using steps 1 and 2 as a reference (step 3, OR 5
1.28 [95% CI 5 1.12-1.46]); steps 4-5, OR 5 1.32 [95% CI 5
1.10-1.57]). UCA in children prescribed treatment steps 1 and 2
(group UCA1-2) occurred in 28% of all children at this
treatment step (n 5 887). Children in group UCA1-2 had
exacerbations more frequently than did those children with
UCAwho were prescribed steps 4 and 5 treatment (24% vs 15%
[P 5 .001]).
Conclusion: UCA was common and associated with female sex,
increasing age, obesity, and higher Global Initiative for Asthma
treatment step. Surprisingly, UCAwas also common in children
prescribed less than the maximum treatment, and those
children could be considered undertreated patients. (J Allergy
Clin Immunol Global 2024;3:100227.)
From athe Department of Public Health and Clinical Medicine, Division of Medicine/

OLIN Unit, Ume�a University; bthe Department of Women’s and Children’s Health,

and dthe Department of Clinical Science and Education, S€odersjukhuset, Karolinska

Institutet, Stockholm; and cthe Astrid Lindgren’s Children’s Hospital, Karolinska Uni-

versity Hospital, Stockholm.

Received for publication July 3, 2023; revised November 9, 2023; accepted for publica-

tion December 28, 2023.

Available online February 13, 2024.

Corresponding author: Jon R. Konradsen, MD, PhD, Department of Women’s and Chil-

dren’s Health, Karolinska Institutet, KPE Lungallergi barn, QB:84, Karolinska v€agen

37A, SE-171 76 Solna, Sweden. E-mail: jon.konradsen@ki.se.

The CrossMark symbol notifies online readers when updates have been made to the

article such as errata or minor corrections

2772-8293

� 2024 The Author(s). Published by Elsevier Inc. on behalf of the American Academy of

Allergy, Asthma & Immunology. This is an open access article under the CC BY li-

cense (http://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.1016/j.jacig.2024.100227
Key words: Asthma, children, asthma management, asthma pheno-
types, school-aged asthma, severe asthma, asthma control, asthma
treatment, undertreated asthma, pulmonary function, obesity, exac-
erbations, uncontrolled asthma

Asthma remains the most common chronic disease in child-
hood, with a worldwide prevalence of around 10% in children and
adolescents.1 The critical outcome of asthma management is
improved asthma control,2-4 defined as the extent to which the
manifestations of asthma have been reduced or removed by treat-
ment.3 The manifestations of childhood uncontrolled asthma
(UCA) include poor symptom control, recurrent exacerbations,
and low lung function.2,5

Many children with asthma can obtain asthma control through
avoidance of triggering factors and/or with inhaled b2-agonists
and inhaled corticosteroids (ICSs), according to steps 1 and 2 in
the Global Initiative for Asthma (GINA) guidelines.6 Neverthe-
less, worldwide data from questionnaire-based epidemiologic
studies have shown that the prevalence of UCA in children is
more than 50%.7 However, population-based clinical data on
childhood UCA in a European setting are sparse.

UCA is not synonymous with severe asthma, as the latter is
diagnosed either in children who need GINA steps 4 and 5
treatment to obtain control or in children with UCA despite
maximum treatment.2 From these definitions, it is clear that UCA
also can occur in children who are not prescribed steps 4 and 5
treatment. However, to our knowledge, the prevalence and char-
acteristics of UCA in children prescribed less than the maximum
treatment have never been investigated in a large population-
based asthma cohort using established definitions of asthma
control.

We hypothesized that childhood UCA is prevalent across all
ranges of prescribed treatment (from GINA step 1 through GINA
step 5) in a Swedish specialist care setting and that patient
characteristics (age, sex, bodymass index [BMI], and allergy) and
manifestations of UCA (poor symptom control, recurrent exac-
erbations, and/or low lung function) differ between children
prescribed GINA steps 1 and 2 treatment and children prescribed
steps 4 and 5 treatment. Our primary aim was to determine the
prevalence, characteristics, and prescribed treatment associated
with UCA by using data from a sizeable real-life cohort of school-
aged children treated by pediatricians in Sweden. Second, we
aimed to explore whether characteristics and manifestations of
UCA in children prescribed GINA steps 1 and 2 treatment differ
from those in children prescribed GINA steps 4 and 5 treatment.
METHODS
Ours was a cross-sectional cohort study using data from the

Swedish National Airway Register (SNAR), a quality register that
includes data on children with asthma who were referred to and
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Abbreviations used

ACT: Asthma Control Test

BMI: Body mass index

GINA: Global Initiative for Asthma

ICS: Inhaled corticosteroid

LABA: Long-acting b2-agonist

LTRA: Leukotriene receptor antagonist

OR: Odds ratio

SABA: Short-acting b2-agonist

SNAR: Swedish National Airway Register

UCA: Uncontrolled asthma
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treated by pediatricians at outpatient clinics in Sweden.8 The
SNAR contains detailed information regarding symptoms, pul-
monary function, and medications and thus constitutes a unique
platform for analysis of asthma control, severity, and treatment.
The current study complied with the Declaration of Helsinki
and was approved by the Swedish Ethical Review Authority
(2019-04915). Childrenwith asthma aged 6 to 17 years were iden-
tified from pediatric specialist care recordings in the SNAR that
were made from January 1 to December 31, 2019 (n 5 7338).
Children younger than 6 years were not included, as pulmonary
function measurements were not available in the vast majority
of those cases. Registrations with missing data on asthmamedica-
tion were excluded (n 5 1841), leaving a total of 5497 children
whowere included in the current study. Children without reported
medication were younger, had higher Asthma Control Test (ACT)
scores, had higher FEV1% predicted values, and reported fewer
exacerbations than did children with reported medication.
Definitions
UCAwas defined in patients with an ACT score of 19 or lower

and/or 2 or more reported exacerbations in the past year and/or an
FEV1 value less than 80% of predicted according to the American
Thoracic Society/European Respiratory Society guidelines.2

Treatment reported to the SNAR includes short-acting b2-ago-
nists (SABAs), short-acting muscarinic antagonists, ICSs, long-
acting b2-agonists (LABAs), leukotriene receptor antagonists
(LTRAs), and long-acting muscarinic antagonists, as well as
use of the Airsonett medical device (Airsonett AB, €Angelholm,
Sweden) and biologic treatments such as omalizumab, dupilu-
mab, and mepolizumab. The use of asthma medications was cate-
gorized according to the 2018 update of the GINA guidelines as
follows: step 1, a SABA or LABA, as needed; step 2, single-
drug therapy with an ICS or LTRA as a controller medication;
step 3, treatment with 2 controller medications (ICS 1 LABA
or ICS 1 LTRA or LTRA 1 LABA); step 4: treatment with at
least 3 controller medications (ICS, LABA, long-acting musca-
rinic antagonist, and/or LTRA); and step 5: biologic treatments
(n534) and/or treatment with temperature laminar airflow (n 5
42), with the latter being an additional step 5 option according
to the national Swedish guidelines.9

Allergy, exacerbations, treatment plan, and patient education
were defined as physician-reported, affirmative, or numeric re-
sponses to the following questions in the SNAR: ‘‘Does the pa-
tient have an allergy diagnosis?’’ ‘‘How many exacerbations has
the patient had in the previous 12 months?’’ ‘‘Has the patient
been provided with a written treatment plan?’’ and ‘‘Has the
patient received structured asthma education the past 5 years
(introduction to asthma, self-management, risk and aggravating
factors, and inhalation technique)?’’

BMI was calculated and age-dependent cutoffs for normal
weight, overweight, and obesity provided by the International
Obseity Task Force were used.10

Lung function was assessed through FEV1 value as a percent-
age of the predicted value (FEV1%). Postbronchodilator results
with the Solymar reference values were used.11 FEV1% of pre-
dicted was used as a continuous variable and also categorized ac-
cording to whether the patient’s FEV1 value was less than 80% of
the predicted value.
Data availability
The data set is held and managed by the Region Norrbotten,

Lule�a, Sweden. Relevant anonymized data are available on
reasonable request following approval from the Swedish Ethical
Review Authority.
Statistical analysis
All statistical analyses were conducted using IBM SPSS

Statistics (version 27 [IBM Inc, Armonk, NY]). To assess
differences between groups, independent sample t tests, ANOVA,
or chi-square tests were used. P values less than .05 were consid-
ered statistically significant. Odds ratios (ORs) and 95% CIs were
estimated in bivariate and multivariate logistic regression ana-
lyses. The dependent variables were UCA and UCA in children
prescribed GINA steps 1 and 2 treatment. All models were
adjusted for sex, age, BMI categories, and allergy and also strat-
ified by sex and age.
RESULTS

Demographic characteristics
In this nationwide register–based cohort of school-aged children

with asthma treated by pediatricians (n 5 5497), their mean age
was 11.2 years, and the majority were boys (62.0%). The mean
ACT scorewas lower in females than inmales, and a larger propor-
tion of females had anACT score of 19 or lower,whereasmales had
a lower FEV1% value than females did (Table I). Dropout analysis
revealed that children with missing ACT scores and FEV1 values
were younger, had a lower BMI, and were more frequently pre-
scribed steps 1 and 2 treatment than children in whom these data
were reported (see Table E1 in the Online Repository at www.
jaci-global.org). In addition, children with missing data from the
ACT had fewer exacerbations.
Asthma control
In total, 1690 children (31%) had UCA (Fig 1, A and Table I).

The children with UCAwere older, more frequently female, and
obese than those with controlled asthma. Furthermore, the chil-
dren with UCA received asthmamanagement education and writ-
ten action plans more often (Table I). In adjusted regression
analysis, female sex, older age, obesity, and more prescribed
treatment were associatedwith UCA. Stratification by sex showed
that older agewas associated with UCA in females, whereas asso-
ciations with obesity andmore prescribed treatment were found in
males only. Stratification by age revealed that UCAwas related to

http://www.jaci-global.org
http://www.jaci-global.org


TABLE I. Demographic characteristics

Characteristic

All Girls Boys P

value

Aged 6-11 y Aged 12-17 y P

value

Controlled asthma UCA P

valuen 5 5497 n 5 2091 n 5 3406 n 5 2994 n 5 2503 n 5 3807 n 5 1690

Percentage of entire cohort 38.0 62.0 54.5 45.5 69.3 30.7

Female sex, no. (%) 2091 (38.0) 1106 (36.9) 985 (39.4) .067 1379 (36.2) 712 (41.1) <.001

Age (y), mean (SD) 11.2 (3.2) 11.3 (3.3) 11.1 (3.2) .012 11.1 (3.3) 11.4 (3.1) <.001

BMI (kg/m2), mean (SD)* 19.3 (3.9) 19.5 (3.9) 19.2 (3.9) .019 17.7 (3.0) 21.1 (4.0) <.001 19.2 (3.8) 19.6 (4.1) <.001

Normal weight, no. (%) 3952 (76.9) 1506 (77.4) 2446 (76.6) 2135 (77.9) 1817 (76.8) 2715 (77.9) 1237 (74.8)

Overweight, no. (%) 898 (17.5) 332 (17.1) 566 (17.7) 481 (17.4) 417 (17.6) 597 (17.1) 301 (18.2)

Obesity, no. (%) 288 (5.6) 108 (5.5) 566 (5.6) .811 155 (5.6) 133 (5.6) .969 173 (5.0) 115 (7.0) .007

Allergy, no. (%) 2758 (50.2) 985 (47.1) 1773 (52.1) <.001 1219 (40.7) 1539 (61.5) <.001 1882 (49.4) 876 (51.8) .101

ACT score, mean (SD)� 21.3 (3.6) 20.7 (3.9) 21.7 (3.4) <.001 21.6 (3.8) 21.0 (3.4) <.001 23.0 (1.9) 18.3 (4.0) <.001

ACT score <_ 19, no. (%) 1084 (24.9) 506 (31.0) 578 (21.4) <.001 514 (23.1) 570 (27.0) .003 0 (0.0) 1084 (68.2) NA
>_2 exacerbations, no. (%) 337 (6.1) 126 (6.0) 211 (6.2) .800 196 (6.5) 141 (5.6) .160 0 (0.0) 337 (19.9) NA

FEV1% predicted, mean (SD)� 91.3 (12.5) 92.1 (12.6) 90.8 (12.3) .001 91.1 (11.9) 91.6 (13.1) .142 94.9 (9.8) 85.6 (14.2) <.001

FEV1 < 80% predicted, no. (%) 532 (15.5) 191 (14.4) 341 (16.2) .173 272 (15.1) 260 (15.9) .513 0 (0.0) 532 (40.7) NA

UCA, no. (%)§ 1690 (30.7) 712 (34.1) 978 (28.7) <.001 859 (28.7) 831 (33.2) <.001

Treatment plan, no. (%) 2223 (40.4) 818 (39.1) 1405 (41.3) .118 1181 (39.4) 1042 (41.6) .100 1439 (37.8) 784 (46.4) <.001

Asthma education, no. (%) 3679 (66.9) 1384 (66.2) 2295 (67.4) .362 1871 (62.5) 1808 (72.2) <.001 2438 (64.0) 1241 (73.4) <.001

Percentages and mean values calculated for those with complete data regarding BMI, ACT score, and FEV1 value. Boldface indicates statistical significance.

NA, Statistical calculation is not applicable, as the observed differences reflect the inclusion criteria of the groups compared.

*BMI missing for 359 children.

�ACT score missing for 1162 children.

�FEV1 value missing for 2062 children.
§UCA defined as an ACT score of 19 or lower and/or 2 or more exacerbations in the past year and/or an FEV1 value less than 80% predicted.

BA

FIG 1. Proportion of children with controlled asthma (CA) and UCA among 5497 school-aged children with

asthma (A) and categorized by prescribed treatment (B).
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obesity and prescribed treatment in younger children and to fe-
males in adolescence (Table II).
Manifestations of UCA
Among the children with UCA (n5 1690), an ACT score of 19

or lower was the most common manifestation (64%) followed by
an FEV1 value less than 80% predicted (31%) and recurrent exac-
erbations (20%) (Fig 2). The majority (85%) had only 1 manifes-
tation of UCA, whereas 14% had 2 manifestations and 1% had all
3 manifestations (Table III).
Pharmacologic treatment
The majority of children were prescribed GINA steps 1 and 2

treatment (58%), followed by step 3 (29%) and steps 4 and 5
(13%) (Fig 1, B and Table III). Allergy and obesity were most
common among children receiving steps 4 and 5 treatment,
whereas the distribution of girls and boys was similar at each
treatment step. UCAwas common in children receiving all treat-
ment steps, but it was most prevalent among children prescribed
steps 4 and 5 treatment (group UCA4-5) (34.7%). The proportion
of children with more than 1 manifestation of UCAwas highest in
children receiving steps 4 and 5 treatment.
Asthma control in children prescribed steps 1 and 2

treatment
Among all children prescribed steps 1 and 2 treatment, 28%

(n5 887) had UCA (group UCA1-2) (Table III). The children in
group UCA1-2 were older and more frequently female and obese
than those with controlled asthma who were prescribed steps 1
and 2 treatment (Table IV). In adjusted regression analysis, age
and female sex remained significant (Table II).



TABLE II. Bivariate and multivariate logistic regression models of factors associated with UCA with controlled asthma as a

reference and UCA with steps 1 and 2 treatment with controlled asthma steps 1 and 2 treatment as reference

Characteristic

All Girls Boys Aged 6-11 y Aged 12-17 y

Crude OR

(95% CI)

Adjusted OR

(95% CI)

Adjusted OR

(95% CI)

Adjusted OR

(95% CI)

Adjusted OR

(95% CI)

Adjusted OR

(95% CI)

Model A: UCA (controlled asthma as a reference)

Female sex 1.28 (1.14-1.44) 1.29 (1.15-1.45) 0.94 (0.80-1.11) 1.81 (1.53-2.15)

Older age 1.04 (1.02-1.05) 1.02 (1.00-1.04) 1.09 (1.06-1.12) 0.98 (0.95-1.00)

Normal weight REF REF REF REF REF REF

Overweight 1.11 (0.95-1.29) 1.10 (0.95-1.29) 1.10 (0.86-1.42) 1.12 (0.92-1.37) 1.16 (0.93-1.43) 1.07 (0.85-1.34)

Obesity 1.46 (1.14-1.86) 1.43 (1.12-1.83) 1.19 (0.79-1.79) 1.64 (1.20-2.24) 1.59 (1.13-2.22) 1.33 (0.92-1.91)

Treatment steps 1-2 REF REF REF REF REF REF

Treatment step 3 1.34 (1.18-1.52) 1.28 (1.12-1.46) 1.09 (0.89-1.35) 1.43 (1.20-1.69) 1.38 (1.15-1.65) 1.19 (0.98-1.44)

Treatment steps 4-5 1.36 (1.15-1.62) 1.32 (1.10-1.57) 1.29 (0.96-1.71) 1.37 (1.09-1.72) 1.53 (1.16-2.01) 1.20 (0.95-1.51)

Model B: UCA steps 1 and 2 (controlled asthma steps 1-2 as a reference)

Female sex 1.32 (1.13-1.55) 1.32(1.13-1.55) 0.94 (0.76-1.16) 2.18 (1.69-2.80)

Older age 1.05 (1.03-1.08) 1.04 (1.02-1.07) 1.12 (1.08-1.16) 0.99 (0.96-1.02)

Normal weight REF REF REF REF REF REF

Overweight 1.13 (0.92-1.40) 1.13 (0.91-1.39) 1.18 (0.85-1.64) 1.13 (0.86-1.49) 1.18 (0.90-1.54) 1.09 (0.78-1.53)

Obesity 1.25 (0.88-1.78) 1.24 (0.87-1.77) 1.03 (0.58-1.83) 1.48 (0.94-2.34) 1.42 (0.90-2.22) 1.06 (0.59-1.91)

UCA defined as an ACT score of 19 or lower and/or 2 or more exacerbations in the past year and/or an FEV1 value less than 80% predicted. Normal weight reference to overweigh

and obesity. Age was entered as a continuous variable. Boldface indicates statistical significance.

REF, Reference.

FIG 2. Venn diagram showing the relationship between the 3 different manifestations of UCA in this cohort.
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UCA in children prescribed steps 1 and 2 treatment

versus steps 4 and 5 treatment
The children in group UCA1-2 were younger, were less often

obese, had an allergy less often, had a higher ACT score, and
experienced more exacerbations than did children in group
UCA4-5 (Table V). The 2 groups did not differ in terms of
FEV1% value or treatment plan, but the children in group
UCA4-5 received asthmamanagement educationmore frequently
(Table V).
DISCUSSION
The goal of asthma management is asthma control, which

includes good control of symptoms and minimization of the risk
of exacerbations and persistent airflow limitation.6 In the current
sizeable, real-life study of 5497 school-aged children with
asthma, we investigated prevalence and characteristics of UCA
as well as associations with prescribed treatment. An important
finding was that 31% of the children studied had UCA, which
occurred across all ranges of prescribed treatment. Furthermore,
we found that female sex, increasing age, obesity, and higher
GINA treatment step were associated with UCA. Finally, we
found that 28% of the children prescribed steps 1 and 2 treatment
had UCA and that exacerbations weremore common in this group
than in the children with UCAwho were prescribed steps 4 and 5
treatment.

Children prescribed less than maximum treatment and having
an uncontrolled disease could be considered undertreated pa-
tients. Explanations for the seemingly high number of under-
treated children include new referrals to specialist care, the



TABLE III. Basic characteristics of children with asthma by treatment steps

Characteristic

Treatment steps 1 and 2 Treatment step 3 Treatment steps 4 and 5

P valuen 5 3162 n 5 1608 n 5 727

Percentage of entire cohort 57.5% 29.3% 13.2%

Female sex, no. (%) 1197 (37.9) 632 (39.3) 262 (36.0) .306

Allergy, no. (%) 1500 (47.4) 852 (53.0) 406 (55.8) <.001

Normal weight, no. (%) 2288 (77.7) 1172 (76.9) 492 (73.3)

Overweight, no. (%) 509 (17.3) 261 (17.1) 128 (19.1)

Obesity, no. (%) 146 (5.0) 91 (6.0) 51 (7.6) .043

ACT score, mean (SD) 21.6 (3.6) 21.0 (3.6) 20.5 (3.9) <.001

ACT score <_ 19, no. (%) 527 (21.7) 368 (27.8) 189 (32.4) <.001
>_2 exacerbations, no. (%) 215 (6.8) 85 (5.3) 37 (5.1) .054

FEV1% predicted, mean (SD) 91.5 (12.0) 90.9 (12.9) 91.5 (13.2) .339

FEV1 < 80% predicted, no. (%) 279 (14.5) 183 (17.3) 70 (15.4) .123

UCA, no. (%)* 887 (28.1) 551 (34.3) 252 (34.7) <.001

0-3 factors for UCA�
0 2275 (71.9) 1057 (65.7) 475 (65.3)

1 763 (24.1) 470 (29.2) 211 (29.0)

2 114 (3.6) 77 (4.8) 38 (5.2)

3 10 (0.3) 4 (0.2) 3 (0.4) <.001

Percentages and mean values calculated for those with complete data regarding BMI, ACT score, and FEV1 value. Boldface indicates statistical significance.

*UCA defined as an ACT score of 19 or lower and/or 2 or more exacerbations in the past year and/or an FEV1 value less than 80% predicted.

�Between 1 and 3 of the following factors: ACT score of 19 lower and/or fewer than 2 exacerbations in th4 past year and/or an FEV1 value less than 80% of predicted.

TABLE IV. Basic characteristics of children with UCA and controlled asthma who were receiving steps 1 and 2 treatment

Characteristic

UCA steps 1 and 2 Controlled asthma steps 1 and 2

P valuen 5 887 n 5 2275

Female sex, no. (%) 378 (42.6) 819 (36.0) <.001

Age (y), mean (SD) 10.9 (3.1) 10.4 (3.1) <.001

Age 6-11 y, no. (%) 518 (58.4) 1464 (64.4)

Age 12-17 y, no. (%) 369 (41.6) 811 (35.6) .001

BMI (kg/m2), mean (SD) 19.0 (3.8) 18.7 (3.6) .020

Normal weight, no. (%) 659 (75.9) 1629 (78.5)

Overweight, no. (%) 160 (18.4) 349 (16.8)

Obesity, no. (%) 49 (5.6) 97 (4.7) .271

Allergy, no. (%) 434 (48.9) 1066 (46.9) .295

ACT score, mean (SD) 18.7 (4.2) 23.1 (1.9) <.001
>_2 exacerbations, no. (%) 215 (24.2) 0 (0.0) NA

FEV1% predicted, mean (SD) 85.9 (13.8) 94.7 (9.6) <.001

Treatment plan, no. (%) 416 (46.9) 865 (38.0) <.001

Asthma management education, no. (%) 644 (72.6) 1407 (61.8) <.001

UCA defined as an ACT score of 19 or lower and/or 2 or more exacerbations in the past year >_2 and/or an FEV1 value less than 80% predicted. Percentages and mean values

calculated for those with complete data on BMI, ACT score, and FEV1 value. Boldface indicates statistical significance.
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variable clinical course of asthma, poor adherence, and the fact
that nonpharmacologic treatment alternatives must be evaluated
before pharmacologic treatment is intensified. Of note, any
benefits of escalation of controller medication may be evident
after 3 to 4 months, and once asthma control has been achieved
and maintained for 2 to 3 months treatment can often be reduced
again.6

A few older studies using different classifications of severity
and control have reported a prevalence of 60% to 80% of
undertreated asthma in adults and children.12-14 Our findings
confirm and extend these older findings by including clinical
data from a population-based cohort and using updated and estab-
lished guidelines for the classification of asthma control.

Undertreatment poses an increased disease burden on the
individual patient, including both short-term risks such as
increased symptoms and greater need for health care resources,
as well as long-term risks, including a decline in lung function.15

In a Swedish register–based study, overuse of SABAs (>_3 SABA
canisters per year), which are considered a proxy for undertreat-
ment with ICS, was associated with increased risk of exacerba-
tions.16 Accordingly, it is reasonable to assume that the number
of patients undertreated at any time should be kept as low as
possible. Undertreated asthma is possible to identify according
to current international classifications of severity and control.
Drivers for adjusting treatment in children have recently been
investigated in a tertiary care setting, and female sex, poor asthma
control, and lower FEV1 value were associated with stepping up
treatment.17

The proportion of undertreated children in any asthma cohort
or clinic could be considered a marker of the quality of care
provided to asthmatic patients. The concept of undertreated
asthma is particularly relevant, as international guidelines have



TABLE V. Basic characteristics of children with UCA who were receiving step 1 and step 2 treatment versus those of children with

UCA prescribed step 4 and step 5 treatment

Characteristic

Uncontrolled steps 1 and 2 Uncontrolled steps 4 and 5

P valuen 5 887 n 5 252

Female sex, no. (%) 378 (42.6) 106 (42.1) .876

Age (y), mean (SD) 10.9 (3.1) 12.4 (2.9) <.001

Age 6-11 y, no. (%) 518 (58.4) 91 (36.1)

Age 12-17 y, no. (%) 369 (41.6) 161 (63.9) <.001

BMI (kg/m2), mean (SD) 19.0 (3.8) 20.7 (4.6) <.001

Normal weight, no. (%) 659 (75.9) 176 (71.8)

Overweight, no. (%) 160 (18.4) 43 (17.6)

Obesity, no. (%) 49 (5.6) 26 (10.6) .023

Allergy, no. (%) 434 (48.9) 148 (58.7) .006

ACT, mean (SD) 18.7 (4.2) 17.2 (3.9) <.001
>_2 exacerbations, no. (%) 215 (24.2) 37 (14.7) .001

FEV1% predicted, mean (SD) 85.9 (13.8) 86.6 (15.1) .299

Treatment plan, no. (%) 416 (46.9) 113 (44.8) .563

Asthma management education, no. (%) 644 (72.6) 199 (79.0) .042

UCA defined as an ACT score of 19 or lower and/or 2 or more exacerbations in the past year and/or an FEV1 value less than 80% predicted. Percentages and mean values calculated

for those with complete data on BMI, ACT score, and FEV1 value. Boldface indicates statistical significance.
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recently or will be revised toward the prescription of an ICS plus a
LABA as needed as steps 1 and 2 treatment.18 Longitudinal
studies will reveal whether these changes will reduce the number
of children with undertreated asthma.

A reduced ACT score (64%) was the most common clinical
manifestation of UCA and was foundmore commonly in females.
This sex difference in asthma control has been demonstrated
previously in adults19 and adolescents20 and is suggested to be
caused by sex-specific physiologic differences and sex-specific
behavioral differences.21 Standardized questionnaires such as
the ACT are useful tools to assess asthma symptoms. Still, the
ACT is insufficient for a complete assessment of asthma control,
as exacerbations and pulmonary function are not included. This is
an essential limitation, as the current findings demonstrate that
UCA can be manifested by recurrent exacerbations and/or
reduced pulmonary function in a significant proportion of chil-
dren with normal scores on the ACT. In addition, daytime and
or nighttime symptoms can be controlled by a LABA alone, leav-
ing the patient at risk for severe exacerbations, as the underlying
inflammation is not treated.22 It should also be emphasized that
low ACT scores may have explanations other than asthma,
including lack of fitness, rhinitis, exercise-induced laryngeal
obstruction, and anxiety.6

Airflow limitation was the second most common manifestation
of UCA (31%), and males had the lowest mean FEV1 value.
Childhood asthma attenuates the development of lung function
throughout adolescence and adulthood,23 and our findings are in
line with those of previous studies, which have shown that male
sex is a risk factor for lower lung function.15 In all, 23% of the
children with UCA in our cohort had reduced FEV1 values but
normal ACT scores, a phenomenon that can be explained by
poor perception of symptoms24 caused by untreated airway
inflammation.25

Although lung function measurements correlate poorly with
chronic asthma symptoms26 and are poor discriminators of
asthma severity,27,28 it should be kept in mind that a low FEV1

value is, together with allergic sensitization and previous exacer-
bations, a strong predictor of recurrent exacerbations.29 The
different manifestations of UCA are important, as they might
affect the treatment prescribed; a child who does not report
symptoms but has a fixed airflow limitation might not be
perceived as sick as a child who experiences daily symptoms.
In addition, differential diagnoses, such as restrictive lung dis-
ease, should be considered in children with normal scores on
the ACT and no exacerbations.

Recurrent exacerbations occurred in 6% of the children in the
entire cohort and 20% of those with UCA. Exacerbations are not
always preceded by poor symptom control, and in the current
study, recurrent exacerbations were the sole manifestation of
UCA in 11% of participants. It is noteworthy that children
prescribed steps 1 and 2 treatment had more exacerbations than
did those prescribed steps 4 and 5 treatment. This finding
indicates that even though they are an important predictor of
future exacerbations, previous exacerbations are not properly
taken into account when creating treatment plans for patients.

Our study adds to the limited data on the clinical manifestations
of UCA in children. Its strengths include the size of this pediatric
specialist care cohort and detailed assessments of asthma control
using standardized questionnaires, including the ACT and pul-
monary function measurement). The inclusion of patients nation-
wide reduces selection bias and increases the generalizability of
results. The study’s limitations include the fact that we do not
know whether the recordings in the SNAR originate from new
referrals or follow-up visits, the fact that no data on the dosage of
medication are available, the fact that the definition of exacerba-
tions is not uniform, and the fact that registry-based data on the
prescription of medications do not reflect actual medication use.
Dropout analysis supports the idea that missing data regarding
ACT score and FEV1 value did not affect the results, as most of
the dropouts were younger children with mild asthma and few
exacerbations.

In summary, almost one-third of school-aged children treated
in specialist care had UCA. Increasing age, female sex, obesity,
and higher GINA treatment step were associated with UCA. UCA
was common in children prescribed less than the maximum
treatment, and those children could be considered undertreated
patients. If such children remain undertreated following an
evaluation and adjustment of deteriorating factors, inhalation
technique, and adherence, clinicians should intensify pharmaco-
logic treatment. We suggest that the proportion of undertreated
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children in any asthma cohort or clinicmight be a useful marker of
the quality of care provided to those patients.
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