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Editorial

Chegou o outono, época do ano em que se intensifica a expressdo das infe¢des respiratdrias, das vias aéreas superiores
e das inferiores. E tempo de prevenir, é tempo de vacinar. Refor¢o anual da vacinagdo anti-gripal, nova administracdo
da vacina contra a COVID, revisdo do estado individual da vacinagdo anti-pneumocdcica, vacinagdo contra o VSR em
adultos com mais de 60 anos,..., deve estar agora nas nossas prioridades clinicas.

Neste numero da revista, que em breve completa 7 anos consecutivos de edi¢do, encontramos importantes artigos que
podem influenciar a nossa pratica clinica.

Louise Kooiman e colaboradores, num ensaio aleatorizado controlado multicéntrico com 4 anos de durag¢io, ndo encon-
trou qualquer beneficio clinicamente mensuravel na utilizagao do oxigenoterapia de alto fluxo (cada vez mais usada
e com custos mais elevados), em comparagido com a de baixo fluxo em criangas com hipoxemia decorrente de bron-
quiolite moderada a grave.

E, refor¢ando a importancia da investigagdo sobre a seguranca da vacinagao anti-gripal em gravidas, chega-nos da
Australia o artigo original “Associagdo entre a vacinagdo materna contra a gripe e as perturbagoes do desenvolvimento
neurolégico na infancia...”, que durante 5 anos incluiu 140514 criangas. Os autores concluem pela nao existéncia do
aumento do risco de perturbagdes do desenvolvimento neurolégico apds a exposigdo in utero a vacina inativada contra
a gripe.

Ainda na idade pediatrica, num estudo de colaboragdo australiano liderado por Lex William Doyle, em criangas nasci-
das extremamente prematuras (<28 semanas), a displasia broncopulmonar (DBM) moderada a grave, mas nio a ligeira,
foi independentemente associada a reduc¢io do fluxo aéreo expiratorio aos 8 anos de idade, o que reforga a importancia
da prevenc¢ido da DBM.

E se a Professora Paula Pinto nos alerta neste numero que, globalmente, “a DPOC continua a ser uma doenga desco-
nhecida e subdiagnosticada” convidando a participa¢io na 32 edi¢ao do projeto COPD Future Leaders, isso mesmo é
confirmado em Africa, por Chidiamara Maria Njokunum e colaboradores, numa interessante revisio sistemética com
meta-analise, e ainda mais refor¢ado no artigo “Obstrucédo crénica ao fluxo de ar atribuivel a pobreza no estudo multi-
nacional Burden of Obstructive Lung Disease (BOLD)”.

Propomos finalmente artigos sobre investigacdo em asma, nomeadamente no uso de algoritmo terapéutico com corti-
coides em asmaticos graves e na defini¢do de estratégias de mitigagdo para minimizar a prescri¢ao de corticoides orais
nos cuidados primarios, terminando com uma reflexio sobre tabagismo em idade pediatrica, de Jonathan Coutts e Ross
John, de leitura obrigatdria e que nos deve incomodar. A todos...

Midrio Morais de Almeida
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Oxigenoterapia de alto fluxo em bronquiolite
moderada a grave: um ensaio aleatorizado controlado

Louise Kooiman,' Fenneke Blankespoor,' Roy Hofman," Arvid Kamps,? Monique Gorissen,?
Anja Vaessen-Verberne,* Ingrid Heuts,® Jolita Bekhof!

RESUMO

Enquadramento e objetivo — A oxigenoterapia de
alto fluxo (AF) tem sido cada vez mais utilizada em crian-
cas com bronquiolite, apesar da auséncia de evidéncias
conclusivas da sua superioridade em relacdo ao baixo
fluxo (BF). O nosso objetivo foi comparar o efeito do AF
em relacao ao BF em bronquiolite moderada a grave.
Métodos — Ensaio aleatorizado controlado multicén-
trico durante quatro invernos (2016 — 2020), que incluiu
107 criancas com idade inferior a dois anos internadas
com bronquiolite moderada a grave, saturacao de oxigé-
nio inferior a 92% e sinais vitais gravemente comprome-
tidos. Ndo foram permitidos ensaios cruzados. O AF foi
administrado a taxas de fluxo de 2 I/kg para os primeiros
10 kg, mais 0,5 I/kg por cada kg >10 kg, e o BF a uma
taxa de fluxo maxima de 3 I/min. O principal resultado foi
a melhoria dos sinais vitais e da gravidade da dispneia
dentro das 24 horas, avaliada por um score composto. Os
resultados secundarios foram conforto, duracéo da oxi-
genoterapia, alimentacéo suplementar, duracéo da hos-
pitalizacdo e internamento em cuidados intensivos para
ventilagdo invasiva.

Resultados — Ocorreu uma melhoria significativa no
periodo de 24 horas em 73% dos 55 pacientes alea-
torizados para AF e em 78% dos 52 pacientes para BF
(diferenca de 6%, 95% IC — 13% para 23%). A ana-
lise de intencdo de tratamento revelou que nao existem
diferencas significativas em nenhum resultado secundario
— duracdo da oxigenoterapia, alimentacdo suplementar,
hospitalizacdo e necessidade de ventilacdo invasiva ou
internamento em cuidados intensivos —, excetuando o
conforto (face, pernas, atividade, choro, consolabilidade),
que registou mais um ponto (numa escala de 0 a 10) no
grupo de BF. Nao ocorreram efeitos adversos.
Conclusdao — Nao encontramos qualquer beneficio
relevante clinicamente mensuravel na utilizacdo do AF
em comparacdo com o BF em criancas com hipoxemia
decorrente de bronquiolite moderada a grave.

Numero de registo do ensaio NCT02913040.

INTRODUCTION

Bronchiolitis is a common viral respiratory tract
illness in young children, characterised by airway
obstruction, resulting in many hospital admissions
for supportive treatment of dyspnoea and feeding
problems.! Since no pharmacological intervention
has been proven effective, treatment is supportive,
consisting of oxygen supplementation and fluid
administration.” Traditionally, oxygen is given as
dry gas through low-flow (LF) nasal prongs. In the
last decade, high-flow nasal cannula (HFNC) has
been introduced, delivering heated, humidified
oxygen and facilitating higher flows. Meanwhile,
high flow (HF) is being widely used, despite lack of
solid evidence for its efficacy.>® Several systematic
reviews have been published,”’® basing conclu-
sions on two randomised trials comparing HF to
LF in infants with bronchiolitis in non-intensive
care settings."' ' In both studies, HF did not affect
length of hospital stay, duration of supplemental
oxygen or admission to the paediatric intensive

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» High flow (HF) is increasingly applied
in bronchiolitis, despite earlier studies
showing lack of effect on duration of
supplemental oxygen, hospitalisation
or intensive care admissions in mild to
moderately affected patients. HF is assu-
med beneficial as rescue treatment in
severe bronchiolitis.

WHAT THIS STUDY ADDS

» Also, in moderate to severe bronchiolitis,
HF is not superior compared with low flow
(LF) in improvement of vital signs, com-
fort, duration of supplementation of oxy-
gen or feedings, hospitalisation or intensive
care admissions.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

»Since there is no measurable clinical benefit
in the use of HF in infants with bronchiolitis
and costs of HF are higher, HF should not
be used preferentially over LF in this patient

group.

care unit (PICU). Still, many authors conclude that
HF may reduce treatment failure and may be used
as rescue therapy. However, in both trials, cross-
over from LF to HF was applied in patients with
treatment failure in the LF group, indicating that
these studies actually evaluated early HF versus
rescue HE It has also been suggested that a large
number of patients in the HF groups may not have
required its use, implicating that the use of HF
increases costs without a clear benefit.”* Recently, a
third randomised trial that did not allow crossover
showed no clinical benefit in HF over LF in young
infants with moderate bronchiolitis."®

In this trial, we aim to compare HF with LF in
children with moderate to severe bronchiolitis with
vital parameters largely comparable to the criteria
of treatment failure in earlier trials, in the setting
of general paediatric wards without an in-building
PICU, measuring the effect on vital signs, comfort,
oxygen therapy, supplemental feedings, length of
hospitalisation, and need for invasive ventilation or
PICU admission.

PATIENTS AND METHODS

Study design

Five general paediatric departments across the
Netherlands participated in this randomised con-
trolled trial during four consecutive winter sea-
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Table 1 VWS for evaluation of vital signs and severity of dyspnoea
vws
Component subscore

Component Age group 4 2 1 0 1 2 4
Respiratory rate (breaths/min) <3 months <15 15-19 20-29 30-60 61-80 81-90 >90

3-12 months <15 15-19 20-24 25-50 51-70 71-80 >80

1-4 years <12 12-14 15-19 20-40 41-60 61-70 >70
Respiratory effort* All ages normal mildlyt Moderate?t Severet or apnoeic
Oxygen saturation (%) All ages <91 91-94 >94
Oxygen therapy All ages Room air LFNP/HFNC NRB mask
Heart rate (beats/min) < 3 months <80 80-89 90-109 110-150 151-180 181-190 >190

3-12 months <70 70-79 80-99 100-150 151-170 171-180 >180

1-4 years <60 60-69 70-89 90-120 121-150 151-170 >170
Capillary refill (s) All ages <3 >3
Temperature (°C) All ages <36 36-36.4 36.5-37.5 37.6-38.5 >38.5

The score is calculated by summing the subscores of each component, resulting in a score 0-24. VWS of >8 warrants immediate attention of a physician.

Source: adapted from Fuijkschot et al.'®
*Nasal flaring or retractions.

HFNC, high-flow nasal cannula; LFNP, low-flow nasal prong; NRB mask, non-rebreathing mask; VWS, Vital Warning Score.

sons (December 2016-March 2020). None of the hospitals had a
PICU in place, with distances to the nearest PICU ranging from
5 km to 105 km. Children <24 months of age hospitalised with
moderate to severe bronchiolitis were eligible. Bronchiolitis was
defined as symptoms of upper and signs of lower airway disease
(cough, tachypnoea or dyspnoea) and signs of airway obstruc-
tion during auscultation (wheeze or lengthened expirium,
crackles or rhonchi). We defined the severity of bronchiolitis as
moderate to severe in case of oxygen saturation below 92% and a
Vital Warning Score (VWS) indicating significant respiratory or
circulatory distress. Exclusion criteria were chronic lung disease
requiring home oxygen, haemodynamic significant congenital
heart disease, syndromal disease, congenital lung abnormali-
ties, earlier PICU admission or facial deformities. After written
informed consent was obtained from parents or caretakers, eligible

patients were randomised as soon as oxygen saturation fell below
92% without oxygen supplementation and vital signs were signif-
icantly impaired, depicted by a composite VWS indicating signifi-
cant respiratory or circulatory distress (=6). The VWS was adapted
from a Paediatric Early Warning Score (PEWS), including respira-
tory rate and effort, oxygen supplementation and saturation, heart
rate and capillary refill (table 1)."”*® The score may range from 0 to
24: scores of 26 indicate hourly monitoring of all vital signs and
VWS of 28 indicates immediate warning of the attending physi-
cian. The VWS, Comfort Score (face, legs, activity, cry, consola-
bility (FLACC); see online supplemental file 1), respiratory rate,
retractions, heart rate, conscious state, oxygen saturation, FiO,
and temperature were assessed by a nurse every hour in the first
3 hours after randomisation and at least 3 hours thereafter during
the first 24 hours.”

Randomised
N=111

;

Allocated to HFNC Allocated to LENP
N=58 N=53
Excluded after randomization Excluded after randomization
N=3 N=1
(withdrew consent) (did not meet inclusion criteria)
Included and Included and
allocated to HFNC allocated to LFNC
N =55 N=52
Did not receive Did not receive
allocated allocated
[+ intervention, intervention, ™
received LFNC received HFNC
N=2 N=2
ITT analysis AT analysis T analysis AT analysis
N=55 N =55 N=52 N =52
Figure 1 Participant flowchart. AT, as-treated, HFNC, high-flow nasal cannula; ITT, intention-to-treat; LENC, low-flow nasal cannula; LFNP, low-flow
nasal prong.
236 L Kooiman L, et al. Arch Dis Child 2022;108:455-460. doi:10.1136/archdischild-2022-324697 BM)



Table 2 Baseline patient characteristics of included patients
(N=107)

High flow (n=55) Low flow (n=52)

Male sex 33 (60.0) 31 (59.6)
Age (months), median (IQR) 4.95 (2.0-10.0) 3.97 (1.9-10.7)
0-1 5(9.1) 7(13.5)
1-3 18 (32.7) 15 (28.8)
3-12 22 (40.0) 19 (36.5)
>12 10(18.2) 1121.2)
Birth weight (kg), median (IQR)* 3.4(3.1-3.8) 3.4(2.9-3.8)

Gestational age (weeks ™), median 39 (38"2-40"%)  38*° (37**-40"")

(IQR)*

< 37*" weeks 8(15.7) 8(17.4)
Clinical signs at the start of the
intervention
VWS, median (IQR)+ 6(6-28) 7(6-8)
Respiratory rate (breaths/min), mean 53 (12) 53 (14)
(SD)§
Heart rate (beats/min), mean (SD)§ 165 (17) 165 (19)
Retractions| 48 (98) 50 (100)
Severe retractions 12 (25) 9(18)
FLACC, median (IQR)** 3.5 (1.0-5.0) 4.0 (2.0-5.0)
Winter season
2016-2017 11 (20.0) 12 (23.1)
2017-2018 19 (34.5) 21 (40.4)
2018-2019 12 (21.8) 8(15.4)
2019-2020 13 (23.6) 11(21.2)
Study sitett
1 5(9.1) 4(7.7)
2 7(12.7) 7(13.5)
3 2(3.6) 2(3.8)
4 31 (56.4) 31 (59.6)
5 10 (18.2) 8(15.4)

N (%) unless stated otherwise.

VWS adapted from Fuijkschot et a/."®

*Data missing in 15 patients.

tData missing in 10 patients.

$Data missing in 2 patients.

§Data missing in 5 patients.

fIData missing in 8 patients.

**Data missing in 24 patients.

t11=Amphia, Breda; 2=Deventer Ziekenhuis; 3=Ikazia, Rotterdam; 4=Isala, Zwolle;
5=Martini, Groningen.

FLACC, face, legs, activity, cry, consolability; VWS, Vital Warning Score.

Randomisation

We performed computerised block randomisation with a block
size of 4 in a 1:1 ratio, using the safe software tool Research-
Manager. Block size was unknown to the treating physicians who
asked for informed consent to guarantee concealment of alloca-
tion. Randomisation was stratified for participating centre and
prematurity (<35* weeks).

Study intervention

Patients randomised to HF received 2 L/kg for the first 10 kg of
bodyweight and an additional 0.5 L/kg for every kg bodyweight
above 10 kg by Optiflow Junior (Fisher&Paykel) or Airvo2 (Fish-
er&Paykel). All patients started HF with FiO, of 1.0. We advised
the staff to try and reduce the FiO2 to 0.4-0.6 within 2 hours
after starting HF while maintaining an oxygen saturation of >94%
(weaning protocol; see online supplemental file 2). If reduction
of the FiO, was not possible, patients were identified as non-re-
sponders, and referral to a PICU was considered. LF was adminis-
tered with a maximum flow rate of 3 L/min.

Due to the visible differences in nasal cannulas and devices, care
takers, nurses and physicians were not blinded for the interven-
tion. We strongly advised against crossover to HF if therapy failed
in patients randomised for LE.

Artigo original

Other treatments

For reasons of comfort and to lessen respiratory distress due
to fever, all children with fever of >38.0° were given antipyretic
therapy (acetaminophen 20 mg/kg three times a day). Since no
effective interventions are proven effective in bronchiolitis, physi-
cians were advised to withhold from other interventions than
oxygen supplementation, administration of fluids and antipyretics.
If other therapy was used, this was documented per patient.

Outcome measures

The primary outcome was a decrease in the severity of vital signs
and dyspnoea depicted by the VWS (table 1).17 18 A decrease in
VWS of two points in the first 24 hours was considered clinically
relevant, based on the clinical experience of the research team, all
using the VWS on a daily basis. Secondary outcome measures were
comfort, measured by the FLACC (see online supplemental file 1),
duration of oxygen supplementation, nasogastric tube feedings,
referral to PICU for mechanical ventilation and length of hospi-
talisation. When a child needs a PICU admission, the child is trans-
ported by the paediatric intensivist of the nearest by PICU to one
of the eight university hospitals in the Netherlands.

Sample size

To be able to find a clinical relevant difference in effect of 20% of
patients showing a decrease in VWS of >2 points (numbers needed
to treat 5), with a power of 80% (1-beta) and a two-sided signifi-
cance level of 5% (alpha 0.05), the sample size was 118.

Statistical analysis
We performed intention-to-treat as well as as-treated analyses. For
continuous data with normal distribution, an independent t-test
was used, and for non-normal distributed data, a Mann-Whitney
U test was used. For data with right skewness, a logarithmic trans-
formation was performed, and differences were presented as geo-
metric mean ratio. Proportions of categorical data were compared
with the Pearson’s X* test, or Fisher’s exact test as appropriate. A p
value of <0.05 was considered statistically significant.

Data were analysed with SPSS V.28. The trial was registered at
clinicaltrials. gov.

RESULTS

From 1 December 2016 to 31 March 2020, all patients with bron-
chiolitis were assessed for eligibility during the winter months
(November-March). During this study period, 111 patients were
randomised, of whom 107 were finally included and analysed
using intention-to- treat analysis (figure 1). One child appeared
not to meet the inclusion criteria after randomisation (VWS <6),
and three parents withdrew consent after randomisation.

Registration of potential eligible patients was performed only at
one site. At this site (Isala Zwolle), 386 patients with bronchiolitis
were admitted during the four winter seasons, of whom 98 were
eligible for randomisation at some point during the admission.
Finally, 14.4% of all hospitalised patients with bronchiolitis during
the study period were included (see online supplemental file 3).

Baseline characteristics of included patients can be found in
table 2.

Primary and secondary outcomes are presented in table 3,
showing no differences between the two treatment regimens,
except for the VWS at 6 hours after randomisation, which was 0.9
point higher in the HF group, as well as a higher proportion in
the HF group with VWS of >8 at 6 hours, and comfort depicted
by the FLACC was one point higher in the LF group at 24. All
patients transferred to the PICU underwent invasive mechanical
ventilation. Unfortunately, we encountered some missing data on
primary and secondary outcomes, as depicted in table 3.

Although we strongly advise against crossovers, this occurred in
two patients: two patients randomised to LF were given HF because
of increasing VWS of 8 and 11, respectively. The first patient was
intubated and transferred to the PICU a few hours after the start
of HE and the other patient was weaned of HF back to LF within
half a day. Both patients were analysed in the LF group in the

BM)

Kooiman L, et al. Arch Dis Child 2022;108:455-460. doi:10.1136/archdischild-2022-324697 wer

237



Artigo original

Table 3  Primary and secondary outcomes

Intention-to-treat analysis As-treated analysis

Mean difference Mean difference

(95% CI)t or (95%Cl)t or

N*  HF(n=55)  LF(n=52)  GMR (95%CI)T Pvaluet HF(n=55) LF(n=52) GMR (95%CI)1 P valuet
Decrease in VWS =2 points (hours)
2 94*  25/45(55.6)  24/49 (49.0) 6.6 (-13.6 10 26.8) 0.52 26/46 (47.9)  23/48 (56.5) -8.6(-18.8101.6) 0.40
6 95* 24/46 (52.2) 31/49 (63.3) -11.1(-30.9108.7) 0.27 25/47 (53.2) 30/48 (62.5) -9.3(-29.1t010.5) 0.36
12 97* 35/47 (74.5) 31/50 (62.0)  12.5(-1.5t0 26.5) 0.18 38/48 (75.0) 30/49 (61.2) 13.8 (-4.5t032.1) 0.15
24 99* 35/48 (72.9) 40/51 (78.4)  -5.5(-23.5t012.6)f 0.52 35/50 (70.0)  40/49 (81.6) -11.6(-29.0t06.7)t 0.18
VWS (hours), mean (SD)
2 94*  52(23) 5.5(2.1) —0.3(-1.2t0 0.6) 0.55 5.2(23) 5.6 (2.0) -0.4(-1.31t00.5) 0.36
6 95* 5.6 (2.3) 4.7(1.5) -0.9 (1.7 to -0.1) 0.03 5.5(2.3) 4.8(1.5) -0.8(-1.6t00.1) 0.06
12 97* 5.1(23) 48(1.7) -0.3 (-1.1t0 0.6) 0.52 5.0 (2.3) 49(1.7) —-0,1(-1.0t0 0.6) 0.73
24 99* 4.0(1.3) 42(1.9 -0.2 (-0.9t0 0.5) 0.53 3.9(1.3) 4.2(1.8) -0.3(-1.0t0 0.4) 0.37
VWS =8 (hours)
2 94* 10/45 (22.2) 9/49 (18.4) 3.8(-12.5t020.1) 0.64 10/46 (21.7) 9/48(18.8) -13.4(-29.7t02.9) 0.72
6 95* 8/46 (17.4) 1/49 (2.0) 15.4 (5.6 t0 25.2) 0.01 8/47 (17.0) 1/48 (2.1) 14.9 (3.4 t0 26.4) 0.01
12 97*  8/47(17.0) 5/50 (10.0) 7.0 (-6.6 t0 20.6) 0.31 8/48 (16.7)  5/49(10.2) 6.5 (-7.0t0 20.0) 0.35
24 99* 1/41 (2.4) 2/48 (4.2) -1.8(-9.2t0 5.6) 0.65 1/42 (2.4) 2/47 (4.3) -1.9(-9.31t05.5) 0.63
FLACC (hours), median (IQR)
2 78* 1(0-3) 1(0-3) Not applicable 0.50 1(0-3) 1(0-3) Not applicable 0.36
6 73* 1(0-3) 1(0-3) Not applicable 0.95 1(0-3) 1(0-3) Not applicable 0.95
12 75* 0(0-2) 1(0-3) Not applicable 0.17 0(0-2) 1.5 (0-3) Not applicable 0.1
24 73* 0 (0-0.5) 1(0-2) Not applicable 0.03 0(0-1) 1(0-2) Not applicable 0.05
Length of stay (days), median 107 42(3.7-6.4) 4.8(2.9-7.9) 0.96(0.8t0 1.3)1 0.78 4.7 (3.7-6.4) 43(2.9-7.9) 1.0(0.8t01.3)1 0.98
(IQR)
Oxygen supplementation 103* 33(2.3-49 29(2.0-52) 1.9(0.7t01.3) 0.72 2.9(1.9-43) 2.6(1.9-5.00 1.1(0.8t01.6)1 0.43
(days), median (IQR)
Intensive care§ 107 8/55 (14.5) 6/52 (11.5) 3.0 (-11.7 to 17.4)t 0.78 9/55 (16.4) 5/52 (9.6) 6.7 (-7.9t0 21.0)t 0.39
Tube feeding 105%  41/53 (77.4) 38/52 (73.1) 4.3 (-13.4t021.7)t 0.61 42/54(77.8)  37/51(72.5) 5.2 (-12.4t022.7)t  0.54

N (%) unless otherwise stated.

VWS 0-24.

FLACC non-normal distribution, 0-10.

*Lower than 107 due to missing data.

195% Cl.

tIndependent t-test for normally distributed variables, Mann-Whitney U test for non-normally distributed variables and ? for dichotomous variables.
8§All patients transferred to the paediatric intensive care unit underwent invasive mechanical ventilation.

TGMR.

FLACC, face, legs, activity, cry, consolability; GMR, geometric mean ratio; HF, high flow; LF, low flow; VWS, Vital Warning Score.

intention-to-treat analysis and in the HF group in the as-treated
analysis. At 24 hours, all patients received LF or HF as described in
the as-treated analysis.

Table 4 shows additional interventions apart from HF or LE

Since we encountered a substantial number of missing values for
our primary outcome measure, we calculated ‘worst-case scenarios’:
in case all seven patients in the HF group with missing outcome
measures would have shown a clinically relevant positive effect
(hypothetical effect in the HF group: 42/55, 76.4%) and the one
patient in the LF group with missing outcome would have shown
no effect (hypothetical effect in the LF group: 40/52, 76.9%), the
difference would be —0.5% (95% CI —16.2% to 15.2%). In the oppo-
site situation, when all seven patients in the HF group with missing
outcome values would have shown no effect (hypothetical effect in

Table 4 Additional interventions
High flow (n=53)*

Low flow (n=52)

Any extra treatment 17 (30.9) 22 (42.3)
Antibiotics 5(14.5) 5(9.6)
Bronchodilators 6(10.9) 5(9.6)
NSAIDs 9(16.4) 16 (30.8)
Prednisolone 2 (3.6) 0(0)

N (%).

*Data missing in two patients.
NSAID, non-steroidal anti-inflammatory drug.

the HF group: 35/55, 63.6%) and the one patient in the LF group
with missing values would have had a positive effect (hypothetical
effect in the LF group: 41/52, 78.8%), the difference between the
groups would have been —15.2% (95% CI —32.1% to 1.7%). Both
scenarios showed no significant superiority of HF over LE.

No adverse events occurred; no barotrauma was found in both
study groups; and no patient died.

DISCUSSION

In this randomised multicentre study, we found no measurable
effect of HF compared with LF in infants under 2 years of age
hospitalised with moderate to severe bronchiolitis. There was no
evidence of clinically relevant between-group differences in short-
term dyspnoea or vital signs, duration of oxygen delivery, hospital
admission, comfort, tube feeding or PICU admission for invasive
mechanical ventilation. We observed no adverse effects or air leak
problems.

These results are in concordance with three earlier reports of
RCTs comparing HF and LF in infants with bronchiolitis, not
showing clear clinical effects on time of weaning of oxygen, dura-
tion of hospitalisation or PICU admissions.'! *21¢

Although the intention-to- treat analysis showed a statistically
significant difference in comfort at the expense of LE depicted by
a one point difference in the FLACC score of 0-10 points, this dif-
ference was deemed not clinically relevant.

Authors of earlier trials argued that although HF showed no
effect on clinical parameters, it might still be useful as a rescue
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treatment.' > Two of three earlier trials allowed crossover from
LF to HF in case of treatment failure in the LF group.!' !* This
conclusion, however, was questioned by others, stating that by
allowing crossovers, the studies actually compared HF started
early versus HF started late in the disease course.'*** We assume
that patients in our study might largely have been classified as
qualifying for rescue treatment in earlier trials.'''> A cohort study
performed at one of our study sites showed that nearly 80% of
hospitalised children with bronchiolitis received supplemental
oxygen, while in the present study, only an estimated 25% of
children had impairment of vital signs—apart from oxygenation
problems—to such extent to fulfil our inclusion criteria.?! This,
in our opinion, indicates that our results suggest that patients in
our study had more severe bronchiolitis compared with earlier
trials, suggesting that the usefulness of HF as a rescue treatment
can be doubted.

Possibly, the flow rate might not have been optimal in our study;
we used 2 L/kg/min for the first 10 kg bodyweight supplemented
with 0.5 L/kg/min for every kg bodyweight of >10 kg, compared
with 1 L/kg/min," 2 L/kg/min'? and 3 L/kg/min' in other studies.
Although physiology studies recommend higher flows to establish
adequate Positive End Expiratory Pressure values,” a recent trial
comparing flow rates of 2 L/kg/min to 3Ll/kg/min did not reduce
treatment failure, at the cost of more discomfort at higher flow
rates of 3 L/kg/min, suggesting that flow rates of 2 L/kg/min might
be optimal.?®

The primary study outcome was a decrease in severity of dys-
pnoea depicted by improvement of the VWS. We were unable to
compare this outcome measure to other studies, as the other trials
used the Modified Wood Clinical Asthma Score (M-WCAS) to as-
sess the severity of dyspnoea. We chose not to use the M-WCAS
because a systematic review studying validity and reliability of dys-
pnoea scores showed large interobserver variation and insufficient
validation of the M-WCAS.**% Since the VWS includes main ob-
jective vital parameters together with the criterion ‘work of breath-
ing, we reasoned this would be a more valid score to use. We used
an adapted bedside PEWS, since this score was already in use at
two of five participating sites and has acceptable inter-rater reli-
ability and usability.'* 2%

We purposely did not use treatment failure as outcome, as was
used in earlier trials, since assessment of treatment failure is ham-
pered by subjective judgement: interindividual variation between
physicians in choosing the right moment for escalation in treat-
ment, especially intubation and mechanical ventilation, is well
known. Since in HF studies treatment blinding is not easily feasi-
ble, we wanted to avoid this potential bias. Although our study was
not powered for PICU admissions as primary outcome, we found
no statistically significant difference in PICU admissions between
the two groups.

We acknowledge the following limitations of our study: we
aimed to enrol 118 patients; unfortunately, despite extending our
study period to four winter seasons, we were only able to enrol
107 patients. Due to lack of financial resources, we were not able
to further extend our inclusion period. A second limitation is that
although we strongly advised against crossovers, this occurred in
two patients. However, we believe these two crossovers will not
have significantly affected our results, which was confirmed by
similar results of the as-treated analysis, where these two patients
were analysed in the HF group. The third limitation was the miss-
ing values in outcome measurements. For data collection, often
during night-times, we had to rely on busy nursing personnel,
who sometimes did not manage to fill in the case report forms
completely. We found that missing data were equal in both study
groups, which makes bias less obvious.
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CONCLUSION

We found no measurable relevant clinical benefit in the use of HF
compared with LF in hypoxic children with moderate to severe
bronchiolitis. Although we encountered no adverse effects, the
cost of HF is much higher compared with LE implicating that
paediatricians should avoid the routine use of HF in children
with bronchiolitis.
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Associacao entre a vacinacdo materna contra a gripe e
as perturbacoes do desenvolvimento neuroldgico na
infancia: um estudo de coorte longitudinal de base

populacional

Damien Foo,"? Mohinder Sarna,'? Gavin Pereira,’* Hannah C Moore,"? Annette K

Regan*>

RESUMO

Objetivo — Avaliar a associacdo entre a exposicdo in
utero a vacina inativada contra a gripe sazonal (IlV) e o
risco de diagnéstico de uma perturbagéo de desenvolvi-
mento neuroldgico no inicio da infancia.

Desenho Estudo de coorte retrospetivo.

Contexto Registo de nascimento de base populacional
associado a bases de dados administrativas de salde na
Australia Ocidental (WA).

Participantes Criancas Unicas nadas-vivas, entre 1 de
abril de 2012 e 1 de julho de 2016 na WA.

Exposicao Rececdo de VIl (vacina de influenza inativada)
sazonal durante a gravidez obtida a partir de uma base de
dados de vacinacdo pré-natal a nivel estatal.
Principais medidas de resultados Foi registado o
diagnostico clinico de uma perturbacdo do desenvolvi-
mento neuroldgico a partir dos registos de internamento
hospitalar e dos servicos de urgéncia. Utilizdmos a regres-
sdo de risco proporcional de Cox, ponderada pela proba-
bilidade inversa de tratamento (vacinacao), para estimar
a probabilidade de risco (HR) de perturbacdes do desen-
volvimento neurolégico associadas a exposicao in utero
a vacina inativada contra a gripe sazonal

Resultados O estudo incluiu 140 514 criancas, das quais
15663 (11,2%) foram expostas a Vacina Inativada con-
tra Gripe Sazonal in utero. A prevaléncia de perturbacbes
do desenvolvimento neuroldgico foi de 5,4%, incluindo
perturbacbes mentais ou comportamentais (0,4%), neu-
rolégicas (5,1%), convulsées (2,2%) e perturbagdes do
sono (2,7%). A Vacina Inativada contra a Gripe Sazonal
materna ndo foi associada a um risco acrescido de pertur-
bacées do desenvolvimento neuroldgico (HR 1,00; 95%
IC 0,91 a 1,08). As criancas expostas no primeiro tri-
mestre apresentaram um risco menor de convulsdes (HR
ajustado [aHR] 0,73; 1C 95% 0,54 a 0,998) e as criangas
pré-termo expostas em qualquer fase da gravidez apre-
sentaram um risco menor de perturbacdes do sono (aHR
0,63;1C95% 0,41 a 0,98).

Conclusdes Nao observamos um aumento do risco
de perturbacdes do desenvolvimento neuroldgico apés
a exposicdo in utero a Vacina Inativada contra a Gripe
Sazonal. Embora tenhamos observado algumas evidén-
cias de menor risco de convulsdes e perturbagdes do

sono, sao necessarios estudos adicionais para o confirmar,

INTRODUCTION

Influenza causes serious morbidity and mortality
through seasonal epidemics each year. Although
seasonal inactivated influenza vaccine (IIV) is the
most effective preventative tool to protect against
influenza illness,' there are no current vaccines
licensed for use for infants aged <6 months.> To
protect mothers and their infants from infection,
prenatal administration of seasonal IIV is recom-
mended for pregnant people in many countries,
including Australia, any stage during pregnancy.?

What is the key question?

» Vaccine safety is a commonly cited reason
for vaccine hesitancy and low uptake of
influenza vaccines among pregnant peo-
ple.

»Few studies have evaluated the effect of
maternal influenza vaccination on long-
-term paediatric health outcomes, inclu-
ding neurodevelopmental disorders in
children exposed to influenza vaccines in
utero.

What is the bottom line?

» Findings indicate no increase in the risk
of neurodevelopmental disorders in
early childhood associated with seasonal
influenza vaccination during pregnancy.

» While we identified a lower risk of seizure
disorders when the vaccine was adminis-
tered early in pregnancy and a lower risk
of sleep disorders among preterm chil-
dren of vaccinated mothers, additional
investigation is warranted.

Why read on?

» These results are supportive of the safety
of prenatal administration of seasonal
inactivated influenza vaccine and the
continued provision of existing maternal
vaccination programmes and policies.

» This study may be useful in health prac-
tice for healthcare providers when pro-
viding vaccine counselling to pregnant
people and prospective parents.

Considerable evidence supports the safety of
maternal influenza vaccination in regard to adverse
health outcomes at birth, including preterm birth,
small-for-gestational age, spontaneous abortion,
stillbirth, low birth weight, congenital malforma-
tions, and fetal death.>” However, studies evalu-
ating health outcomes following in utero exposure
to seasonal IIV beyond early infancy are relatively
scarce.® The Developmental Origins of Health and

Disease hypothesis postulates that the prenatal
period is a critical period of development and is
susceptible to exposure to adverse agents, including
infection, which can lead to long-term impacts on
the health trajectory of children (ie, developmental
programming).” Studies evaluating childhood
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Figure 1 Flow diagram of study participants included in the cohort. WA, Western Australia.

health following in utero exposure to recommended vaccines are
therefore needed.

We aimed to evaluate the association between seasonal IIV during
pregnancy and paediatric neurodevelopmental health outcomes.

METHODS

Study cohort and design

This retrospective, population-based cohort study included all
singleton, liveborn children born in Western Australia (WA) between
1 April 2012 and 1 July 2016 and their mothers (figure 1), identified
using birth registrations. Mother-child pairs were probabilistically
linked with other population-based administrative health datasets,
including the Midwives Notification System (MNS), WA Antenatal
Vaccination Database (WAAVD), Hospital Morbidity Data Collec-
tion, Emergency Department Data Collection, and death registrations
(online supplemental table S1).10 This study is reported according to
the Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guideline (STROBE checklist).

Maternal influenza vaccination

Information on influenza vaccination during pregnancy and date
of vaccination were obtained from the WAAVD, a state-wide ante-
natal vaccine database managed by the WA Department of Health.
Children of mothers who had received seasonal IIV during preg-
nancy were considered ‘maternally vaccinated. We calculated ges-
tational age at vaccination from estimated date of conception to
date of vaccination, using the best clinical estimate of gestational
age and date of birth from the MNS. We excluded children of
mothers who received seasonal IIV <2 weeks prior to birth (ie, ‘in-
determinate’ vaccination status).!!

Outcomes

Outcomes were identified from hospital inpatient and emergency
department records.'?* We assessed the diagnosis of any neurodeve-
lopmental disorder. Within these, we evaluated the diagnosis of mental
or behavioural disorders and neurological disorders, as identified by
diagnostic codes (ie, International Statistical Classification of Diseases
and Related Health Problems, Tenth Revision, Australian Modifica-
tion) in primary or additional diagnosis fields (online supplemental
table S2). Within neurological disorders, we had sufficient data to
separately evaluate seizure disorders, including epilepsy, and sleep
disorders as health outcomes. We included presentations for all-cause
injuries as a negative control outcome, to identify potentially biased
non-causal associations between prenatal exposure to seasonal IIV
and the outcomes—typically the result of uncontrolled confounding.'*

Covariates

Maternal characteristics included age at delivery (continuous), Aboriginal
and/or Torres Strait Islander status (hereafter respectfully referred to as
Aboriginal), socioeconomic status,”” body mass index (continuous),
parity, pre-existing medical conditions, pregnancy complications, smoking
during pregnancy, trimester at the first prenatal care visit and year and
season of the pregnancy (measured from the date of delivery).

Missing data

For children with missing covariate information (n=16 652; 11.3%),
we used multiple imputation by chained equations with 20 generated
datasets to impute the missing data.

Artigo original

Statistical analyses
We compared the demographic and health characteristics between
vaccinated and unvaccinated mothers and their children using
univariate logistic regression models. Based on the predicted
probability of vaccination from multivariate logistic regression,
we estimated the inverse-probability of treatment (vaccination)
weights (IPTW) to control for baseline probability of vaccination.
To account for lack of independence for children with the same
mother, we included the mother as a cluster variable. The final
IPTW model included maternal age, body mass index, Aboriginal
status, trimester of the first prenatal care visit, smoking during
pregnancy, socioeconomic status, pre-existing medical conditions,
pregnancy complications, and the year and season of birth. Because
the pregnancy complications included in our study were predom-
inantly diagnosed at 24 weeks of pregnancy,'®!” to appropriately
account for temporality, pregnant people who were vaccinated
before 24 weeks’ gestation were considered to not have influenced
a pregnant person’s decision to vaccinate. We did not include
pregnancy complications as a covariate in IPTW models for first
trimester vaccination. IPTWs were trimmed at the 1st and 99th
percentile. To assess the balance of maternal covariates included in
the multivariate model, we examined the standardised mean diffe-
rences of each covariate for maternally vaccinated and unvacci-
nated children. IPTWs were applied to trimmed and weighted Cox
proportional hazards regression models to estimate HRs with 95%
ClIs for each study outcome.

Children were followed from the date of birth and were censored
at the earliest of the: (a) date the child reached 5 years of age, (b)
last date of available data (30 June 2017), (c) date the child died
or (d) date of the event. To evaluate associations with more severe
clinical outcomes, additional analyses defined outcomes based on
hospital admission data only. To evaluate the importance of ti-
ming of maternal vaccination and duration of exposure to maternal
antibodies, stratified analyses were planned a priori and performed
by (1) trimester of vaccination, and by (2) preterm birth status,
to determine whether results differed by length of gestation. All
analyses were performed in Stata V.15.1 (StataCorp, USA). Post hoc
power analysis was computed to determine the detectable diffe-
rence in the risk of the outcome measures, with 90% and 80% power
and alpha of 5%, between maternally vaccinated and unvaccinated
children (online supplemental table S3).

RESULTS

A total of 146 863 children born in WA were identified; 6349
(4.3%) children were excluded because the child was a non-
singleton (n=4128), stillborn (n=970), and/or had indeterminate
vaccination status (n=1406); 140 514 singleton, liveborn children
from 117 359 mothers were included in the study (figure 1).

Among the 140 514 children, 15 663 (11.2%) were maternally
vaccinated: 3034 (19.4%) during the first trimester, 6014 (38.4%)
during the second trimester, 6615 (42.2%) during the third
trimester. Vaccination was more common among primiparous
pregnant people and pregnant people with pre-existing medical
conditions, and pregnant people who gave birth during winter
compared with summer (table 1). Pregnant people who were of
the lowest socioeconomic status, overweight, smoked during preg-
nancy, received no or later prenatal care and mothers of preterm
infants were less likely to be vaccinated. After trimming and
weighting, maternal characteristics were balanced (<10% diffe-
rence) between maternally vaccinated and unvaccinated children
(online supplemental figure S1) and the predicted probability of
vaccination was similar with no extreme weights (online supple-
mental figure S2).

We identified 7436 (5.3%) children with a diagnosis of a neurode-
velopmental disorder. We observed no association between risk of
neurodevelopmental disorders and maternal influenza vaccina-
tion (adjusted HR [aHR] 1.00; 95% CI 0.91 to 1.08) (table 2) nor
after stratifying by trimester of vaccination (table 2), preterm birth
status (online supplemental tables S4 and S5) or when restricting
to hospital admissions (online supplemental table S6).

There were 505 (0.4%) children with a diagnosis of a mental
or behavioural disorder. The most common outcomes included
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Table 1 0dds of seasonal influenza vaccination by maternal and
child characteristics for children born in Western Australia between 1
April 2012 and 1 July 2016

Maternally Maternally
unvaccinated  vaccinated
(n=124851) (n=15663) OR

Characteristic n (%) n (%) (95% ClI)

Maternal characteristics

Age (years) 1.01 (1.00 to 1.01)
<19 3942 (3.2) 501 (3.2) 1.12 (1.01 to 1.25)
20-24 17188 (13.8) 1947 (12.4) Reference
25-29 35774 (28.7) 4329 (27.6) 1.07 (1.01 to 1.13)
30-34 42177 (33.8) 5573 (35.6) 1.17 (1.10 to 1.23)
>35 25770 (20.6) 3313 (21.2) 1.13 (1.07 to 1.20)

Aboriginal status
Aboriginal 6503 (5.2) 832 (5.3) 1.02 (0.95 t0 1.10)
Non-Aboriginal 118348 (94.8) 14831 (94.7) Reference

Socioeconomic status*

Quintile 1 (most 24965 (20.0) 2925 (18.7) 0.89 (0.85 to 0.94)
disadvantaged)

Quintile 2 25681 (20.6) 3277 (20.9) 0.97 (0.92 t0 1.03)
Quintile 3 26558 (21.3) 3248 (20.7) 0.93 (0.89 to 0.98)
Quintile 4 24787 (19.9) 3219 (20.6) 0.99 (0.94 to 1.05)
Quintile 5 (least 22860 (18.3) 2994 (19.1) Reference
disadvantaged)

Body mass index 1.00 (1.00 to 1.00)
<185 4243 (3.4) 501 (3.2) 0.92 (0.84 t0 1.01)
(underweight)

18.5 to <25 59174 (47.4) 7582 (48.4) Reference

(normal)

25 to <30 35544 (28.5) 4302 (27.5) 0.94 (0.91 to 0.98)
(overweight)

>30 (obese) 25890 (20.7) 3278 (20.9) 0.99 (0.95 to 1.03)

Parity
Primiparous 53244 (42.7) 7335 (46.8) Reference
1 prior birth 43296 (34.7) 5405 (34.5) 0.91 (0.87 to 0.94)
>2 prior births 28311 (22.7) 2923 (18.7) 0.75 (0.72 t0 0.78)

Pre-existing medical conditions
Asthmat 12859 (10.3) 1731 (11.1) 1.08 (1.03 to 1.14)
Essential 1623 (1.3) 282 (1.8) 1.39 (1.23 to 1.58)
hypertensiont
Pre-existing 1044 (0.8) 202 (1.3) 1.55 (1.33 to 1.80)
diabetes mellitust

Pregnancy complications
Gestational 12487 (10.0) 969 (6.2) 0.59 (0.55 to 0.63)
diabetest
Gestational 5719 (4.6) 464 (3.0) 0.64 (0.58 to 0.70)
hypertensiont
Pre-eclampsiat 4107 3.3) 319 (2.0) 0.61 (0.54 to 0.69)

Smoked during 12549 (10.1) 1403 (9.0) 0.88 (0.83 to 0.93)

pregnancy

Trimester at the first prenatal care visit
First trimester 82329 (65.9) 11131 (71.1) Reference
Second trimester 36161 (29.0) 4075 (26.0) 0.83 (0.80 to 0.87)
Third trimester 6130 (4.9) 449 (2.9) 0.54 (0.49 to 0.60)
No prenatal care 231 (0.2) 8(0.1) 0.26 (0.13 to 0.52)

Year of birth
2012 22844 (18.3) 1400 (8.9) Reference
2013 29458 (23.6) 3165 (20.2) 1.75 (1.64 to 1.87)
2014 29827 (23.9) 3513 (22.4) 1.92 (1.80 to 2.05)
2015 27444 (22.0) 5558 (35.5) 3.30(3.11 to 3.51)

Continued

disorders of psychological development (n=206; 40.8%) and
behavioural and emotional disorders (n=121; 24.0%). There was
no association between risk of mental or behavioural disorders
and maternal influenza vaccination (aHR 0.97; 95% CI 0.70 to

Table 1 Continued

Maternally Maternally
unvaccinated  vaccinated
(n=124851) (n=15663) OR
Characteristic n (%) n (%) (95% CI)
2016 15278 (12.2) 2027 (12.9) 2.16 (2.02 to 2.32)
Season of birth
Summer 30700 (24.6) 2382 (15.2) Reference
(December—
February)
Autumn (March— 36337 (29.1) 2524 (16.1) 0.90 (0.84 to 0.95)
May)
Winter (June— 29431 (23.6) 5893 (37.6) 2.58 (2.45 to 2.71)
August)
Spring (September— 28383 (22.7) 4864 (31.1) 2.21(2.10 to 2.33)
November)
Child characteristics
Sext
Male 64244 (51.5) 8005 (51.1) Reference
Female 60604 (48.5) 7658 (48.9) 1.01 (0.98 to 1.05)
Aboriginal status
Aboriginal 7043 (5.6) 915 (5.8) 1.04 (0.97 to 1.11)
Non-Aboriginal 117808 (94.4) 14748 (94.2) Reference
Birth outcomes
Preterm birth 8576 (6.9) 980 (6.3) 0.90 (0.85 to 0.97)
Moderate-to-late 7572 (6.1) 908 (5.8) 0.95 (0.88 t0 1.02)
preterm
Very preterm 644 (0.5) 54 (0.3) 0.66 (0.50 to 0.88)
Extremely 360 (0.3) 18 (0.1) 0.40 (0.25 to 0.64)
preterm
Small-for- 10202 (8.2) 1304 (8.3) 1.02 (0.96 to 1.08)

gestational age§

Bold values indicate statistically significant associations.

*Socioeconomic status was based on the Socioeconomic Index for Areas Index
of Relative Socioeconomic Advantage and Disadvantage, an area-based index
of relative access to resources for households within the same census collection
district.”

tComparisons were between the presence and absence of the condition by
treatment groups.

1The sex of <5 maternally unvaccinated children was unknown.
§Small-for-gestational age was based on the Australian national birth weight
percentiles by sex and gestational age.’'

1.35) (table 2) nor after stratifying by trimester of vaccination
(table 2), preterm birth status (online supplemental tables S4 and
S5) or when restricting to hospital admissions (online supple-
mental table S6).

In total, there were 7093 (5.0%) children diagnosed with a neuro-
logical disorder. The most common outcome included episodic
and paroxysmal disorders (n=3880; 54.7%); 3055 (43.1%) episodes
for a seizure disorder and 3696 (52.1%) for a sleep disorder. No
associations were observed between risk of neurological disor-
ders and maternal influenza vaccination (aHR 1.00; 95% CI 0.91
to 1.09) (table 2). Similarly, we observed no associations when
stratifying by trimester of vaccination (table 2), preterm birth
status (online supplemental tables S4 and S5) or when restricting
to hospital admissions (online supplemental table S6).

Of children diagnosed with a seizure disorder, 354 (11.6%)
diagnoses were epilepsy or status epileptus and 2709 (88.7%) were
convulsions. We observed no association between risk of seizure
disorders and maternal influenza vaccination (aHR 0.99; 95% CI
0.87 to 1.14). When stratifying by trimester, we observed a lower
risk of seizure disorders following vaccination during the first
trimester (aHR 0.73; 95% CI 0.54 to 0.998) (table 2). This associa-
tion was only observed among term children vaccinated during
the first trimester (aHR 0.72; 95% CI 0.52 to 0.999) (online supple-
mental table S4). No other associations were observed following
vaccination during later trimesters (table 2), when stratifying by
preterm birth status (online supplemental tables S4 and S5) or
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Table 2 Risk of neurodevelopmental disorders associated with prenatal exposure to seasonal inactivated influenza vaccine among children <5
years of age, by trimester of prenatal vaccination

Unexposed to seasonal
influenza vaccine during

Exposed to seasonal influenza

Trimester of vaccine exposure

pregnancy vaccine during pregnancy First trimester Second trimester Third trimester
(n=124851) (n=15663) (n=3034) (n=6014) (n=6615)
(n=122385)* (n=15272)* (n=2959)* (n=5896)* (n=6417)*
Neurodevelopmental disorder
Cases, n (%) 6710 (5.4) 726 (4.6) 143 (4.7) 304 (5.1) 279 (4.2)
Unweighted HR (95% Cl) 1 (reference) 1.01 (0.94 to 1.09) 1.02 (0.87 to 1.21) 1.03 (0.92 to 1.15) 0.99(0.88 10 1.12)
Cases, n (%) 6594 (5.4) 713 (4.7) 140 (4.7) 299 (5.1) 274 (4.3)

Weighted HR (95% CI)t
Mental or behavioural disorder

Cases, n (%)

Unweighted HR (95% Cl)

Cases, n (%)

Weighted HR (95% CI)t
Neurological disorder

Cases, n (%)

Unweighted HR (95% CI)

Cases, n (%)

Weighted HR (95% CI)t
Seizure disorder

Cases, n (%)

Unweighted HR (95% Cl)

Cases, n (%)

Weighted HR (95% CI)t
Sleep disorder

Cases, n (%)

Unweighted HR (95% Cl)

Cases, n (%)

Weighted HR (95% Cl)

1 (reference)

456 (0.4)
1 (reference)
447 (0.4)
1 (reference)

6399 (5.1)
1 (reference)
6291 (5.1)
1 (reference)

2744 (2.2)
1 (reference)
2695 (2.2)
1 (reference)

3369 (2.7)
1 (reference)
3317 (2.7)
1 (reference)

1.00 (0.91 to 1.08)

49 (0.3)
1.02 (0.76 to 1.37)
47 (0.3)
0.97 (0.70 to 1.35)

694 (4.4)
1.02 (0.94 t0 1.10)
683 (4.5)
1.00 (0.91 to 1.09)

311 (2.0)
0.99 (0.88 to 1.11)
303 (2.0)
0.99 (0.87 to 1.14)

327 (2.1)
0.98 (0.88 to 1.11)
325 (2.1)
0.97 (0.85 t0 1.10)

0.99 (0.82 to 1.18)

7(0.2)
0.75(0.36 to 1.58)
6(0.2)
0.69 (0.29 to 1.63)

139 (4.6)
1.04 (0.88 to 1.24)
137 (4.6)
1.00 (0.83 to 1.20)

52 (1.7)

0.84(0.64 to 1.11)
50 (1.7)

0.73 (0.54 to 0.998)

72 (2.4)
1.12 (0.89 to 1.42)
72 (2.4)
1.11(0.86 to 1.42)

1.04 (0.91 to 1.18)

24 (0.4)
1.21 (0.80 t0 1.83)
24 (0.4)
1.19(0.75 t0 1.88)

290 (4.8)
1.03 (0.92 to 1.16)
285 (4.8)
1.04 (0.91 t0 1.19)

132(2.2)
1.03 (0.87 to 1.23)
127 (2.2)
1.10 (0.90 to 1.35)

134 (2.2)
0.96 (0.81 to 1.14)
134 (2.3)
0.96 (0.80 to 1.16)

0.95 (0.83 to 1.09)

18 (0.3)
0.95 (0.59 to 1.52)
17 (0.3)
0.91 (0.54 to 1.54)

265 (4.0)
0.99 (0.88 to 1.12)
261 (4.1)
0.95(0.83 to 1.10)

127 (1.9)
1.01 (0.85t0 1.21)
126 (2.0)
1.00 (0.81 t0 1.22)

121 (1.8)
0.96 (0.80 to 1.15)
119 (1.9)
0.91 (0.74 to 1.11)

Bold values indicate statistically significant associations.

All outcomes were identified from ICD-10-AM codes found in the principal and 20 additional diagnosis fields of hospital inpatient and emergency department presentation
records, and from the presenting symptom code found in the emergency department presentation records (online supplemental table 2).

*Sample size after trimming the 1st and 99th percentile of the predicted probability of vaccination.

tHRs were weighted by trimmed inverse-probability of treatment weights factoring for maternal covariates including age, Aboriginal status, socioeconomic status, body mass
index, parity, pre-existing medical conditions (asthma, essential hypertension, pre-existing diabetes), pregnancy complications (gestational diabetes, gestational hypertension,
pre-eclampsia), smoking status during pregnancy, trimester at the first prenatal care visit, year and season of birth.

ICD-10-AM, International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Australian Modification.

when restricting to hospital admissions (online supplemental table
S6).

Among children diagnosed with a sleep disorder, 3557 (96.2%)
diagnoses were sleep apnoea. There was no association between
sleep disorders and maternal influenza vaccination (aHR 0.97;
95% CI 0.85 to 1.10) (table 2). When stratifying by preterm birth
status, we observed a lower risk of sleep disorders among preterm
children of vaccinated mothers (aHR 0.63; 95% CI 0.41 to 0.98)
(online supplemental table S5). There were no other associations
when stratifying by trimester of vaccination (table 2), preterm birth
status (online supplemental tables S4 and S5) or when restricting
to hospital admissions (online supplemental table S6). There was
no association between risk of all-cause injuries and maternal
influenza vaccination overall (aHR 1.04; 95% CI 0.99 to 1.09)
(online supplemental table S7) or when stratifying by trimester of
vaccination (online supplemental table S7).

DISCUSSION
In this large, population-based cohort study of 140 514 children,
we found no evidence of an increased risk of neurodevelopmental
disorders among children aged <5 years following prenatal expo-
sure to seasonal IIV. However, we did observe an indication of a
lower risk of seizure disorders following seasonal ITV administered
during the first trimester and sleep disorders among preterm chil-
dren of vaccinated mothers. These results support the safety of ma-
ternal influenza vaccination and continuance of existing maternal
vaccination programmes and policies.

To date, most studies evaluating maternal influenza vaccination
have focused on outcomes in the first 6 months of life.> To our

knowledge, only three studies have assessed neurodevelopmental
outcomes among children >6 months of age, two examining pan-
demic vaccines and one examining seasonal ITV."**° These studies
identified no association between maternal influenza vaccination
and paediatric neurodevelopmental disorder development. Zerbo
et al® observed a suggestion of increased risk of autism spectrum
disorder (ASD) following prenatal exposure to seasonal ITV in the
first trimester (aHR 1.20; 95% CI 1.04 to 1.39). However, account-
ing for multiple comparisons using Bonferroni-corrected CIs, this
association was no longer significant (p=0.1). We identified 22
children with a diagnosis for ASD; due to an insufficient number
of cases among the vaccinated cohort (n<5), the analysis of ASD
was not possible. Hviid et al” reported no association between epi-
lepsy among children exposed to pandemic influenza vaccine in
the first trimester (adjusted risk ratio [aRR] 1.01; 95% CI 0.21 to
4.74) nor in the second or third trimester (aRR 1.22; 95% CI 0.79
to 1.86).

Our results examining composite outcomes and seizure disor-
ders mostly align with previous studies examining individual out-
comes. We observed a decreased risk of seizure disorders follow-
ing first trimester influenza vaccination. To our knowledge, there
have been no previous studies evaluating the association between
maternal influenza vaccination and paediatric sleep disorders, and
this novel finding requires additional investigation. While we can-
not entirely rule out the possible influences of bias and type I error
in the results from this observational study, several aspects of our
study suggest a plausible protective relationship between maternal
immunisation and the subsequent development of neurodevelop-
mental conditions in offspring.
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Previous studies have observed adverse neurodevelopmental
outcomes, including ASD, following prenatal exposure to viral or
bacterial infections in offspring, including influenza infection.’
Influenza infection and subsequent maternal immune activation
during pregnancy has been implicated in the development of sei-
zure disorders in offspring.?' > Using data from Norway, Canada
and Australia, Oakley et al* identified a higher risk of seizure dis-
orders (aHR 1.17; 95% CI 1.07 to 1.28) and febrile seizures (aHR
1.20; 95% CI 1.07 to 1.34) following maternal influenza infection.
Vaccination during pregnancy is effective in preventing maternal
influenza infection. A meta-analysis of 19 studies from 11 coun-
tries identified a lower incidence of laboratory-confirmed influen-
za among pregnant people following exposure to seasonal ITV du-
ring pregnancy (vaccine effectiveness, 63%).2* Protection against
influenza virus infection through maternal immunisation could
therefore result in the reduced risk of influenza infection during
pregnancy, and as a result prevent neurological harm to the fetal
brain.

The strengths of our study include the use of a large, population-
based mother-infant cohort with detailed information on maternal
sociodemographic and health characteristics, receipt of prenatal
vaccine, and record linkage to several administrative health data-
sets permitting follow-up of outcomes up to 5 years. The record
linkage system in WA is long-standing, with expertise in linking
large administrative health data since 1995.* With the exception
of the antenatal vaccination database, these datasets are legally
mandated, and have high data quality.?® The MNS is estimated to
capture 99% of all births in WA.” Because observational studies
are subject to uncontrolled confounding, we assessed this using
negative control analysis, which is increasingly used in observa-
tional studies to detect uncontrolled confounding between treat-
ment groups. After adjusting for measured confounders, any ob-
served association between the exposure and the negative control
outcome would suggest residual confounding which we did not
observe. However, it is possible that the negative control outcome
in our study may not detect all possible residual confounding.?®

Despite these strengths, our study has limitations. First, these
data are observational and we cannot rule out residual uncontrolled
confounding and healthy vaccinee bias. Pregnant mothers with un-
derlying chronic conditions are more likely to be vaccinated com-
pared with their healthier counterparts.? However, we attempted
to restrict the influence of health-seeking behaviour using IPT'W.
Second, maternal vaccination data linked from the WAAVD relied
on immunisation reports from medical providers; although these
records have high specificity, they are likely to be incomplete.®
Third, outcomes were limited by diagnoses recorded in hospital in-
patient and emergency department records, which do not capture
outcomes diagnosed and treated in primary care. However, as severe
medical events are unlikely to be managed entirely through primary
care, especially in young children, we believe the majority of severe
events are captured in our dataset. For this reason, our results may
be more reflective of severe paediatric neurodevelopmental condi-
tions. Finally, despite the large size of our cohort, small cell sizes (ie,
<5) made it impractical to estimate effects by preterm birth status or
when restricting to hospital admissions for all outcomes.

CONCLUSIONS

Our findings indicate seasonal IIV during pregnancy is not associ-
ated with adverse neurodevelopmental outcomes among children
aged up to 5 years and support current global vaccine policies pri-
oritising influenza immunisation for pregnant people. Our study de-
tected a potential lower risk of seizure disorders following seasonal
IV administered in the first trimester and sleep disorders among
preterm children of vaccinated mothers, these findings warrant fur-
ther investigation. This information may be useful to reassure preg-
nant people and inform their healthcare providers when making
vaccine decisions and providing vaccine counselling.

Correction notice This article has been amended since it was first published. Figure 1 has been replaced with the correct
version.
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A DPOC continua a ser uma doenca desconhecida e subdiagnosticada

A doenga pulmonar obstrutiva crénica (DPOC) é, atualmente, a terceira principal causa de morte em todo o mundo e estd associada
a uma significativa perda da qualidade de vida e a uma elevada incapacidade. Contudo, continua a ser uma doenga desconhecida da
populacio, subdiagnosticada e, por conseguinte, apenas tratada nas suas fases mais avancadas.

Para o tratamento da DPOC é fundamental uma abordagem multidisciplinar que permita atuar ao nivel da prevencio, diagnostico
e tratamento dos doentes. Neste contexto, o papel dos especialistas em Pneumologia, Medicina Interna e em Medicina Geral e
Familiar bem como o de todos os profissionais de satide, nomeadamente enfermeiros, técnicos de cardiopneumologia, fisioterapeutas,
farmacéuticos, ¢ essencial na prevencao, identificagdo, diagndstico e acompanhamento destes doentes. Por isso, a terceira edi¢do do
projeto Future COPD Leaders chega agora a todos os profissionais de satude, pois o contributo de todos é fundamental também na
componente investigacional.

Com esta terceira edi¢do, o programa pretende apoiar todos os profissionais que tenham interesse em DPOC e que pretendam
desenvolver projetos de investigacio cientifica. Este programa conta com o apoio de um reconhecido painel de peritos das vérias
especialidades (Pneumologia, Medicina Interna e Medicina Geral e Familiar) e a mentoria do chairman das recomenda¢des GOLD
o Professor Alvar Agusti que é também professor de Medicina na Universidade de Barcelona e cujo trabalho de pesquisa abrange
diversos aspetos da DPOC, incluindo a identifica¢do de biomarcadores, a compreensido dos mecanismos subjacentes a esta doenca, a
melhoria das estratégias de tratamento e a promogdo de uma abordagem personalizada para o tratamento dos doentes com DPOC.
Este programa que liga trés sociedades médicas (SPP, NEDResp e GRESP) pretende apoiar o desenvolvimento continuo das
competéncias na abordagem ao tratamento do doente com DPOC, através de formagdo e programas educativos de exceléncia
cientifica. Estamos certos, que representa uma enorme mais-valia para todos os colegas que tenham interesse e necessidade em
aprofundar conhecimento sobre a Doeng¢a Pulmonar Obstrutiva Cronica e, dessa forma, proporcionar um melhor acompanhamento
aos doentes pelos diferentes profissionais de saude.

Além da transmissao de conhecimentos valiosos, queremos fomentar a inovagao através do desenvolvimento de projetos que possam
ajudar a diagnosticar mais e em fases mais precoces. Apenas desta forma conseguiremos inverter o caminho que tem sido tragado no
que diz respeito a esta patologia.

A primeira fase do projeto arrancou sob o mote ‘Learning to be an expert’ com as sessdes: ‘Reunido de apresentagido do Programa
Future COPD Leaders a toda a comunidade médica, ‘Reunido sobre desafios no tratamento da DPOC’ e ‘Reunido sobre Investigacdo
em saude respiratoria’, que podem assistir na plataforma do Future COPD Leaders em https://futurecopdleaders.pt/.

Apesar de a DPOC jd ser a terceira causa de morte e estar associada a uma significativa perda de qualidade de vida continua a ser uma
doenca desconhecida e subdiagnosticada (cerca de 70% dos Portugueses nunca ouviu falar desta doenga). A intervenc¢do de todos
os profissionais de saude é importante para mudar este paradigma. Apelamos a participagiao de todos com as questdes e duvidas que
possam ter. Juntos vamos fazer a diferencal

Prof?. Paula Pinto,
Vice-Presidente da Sociedade Portuguesa de Pneumologia (SPP)
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Displasia broncopulmonar e fluxo aéreo expiratorio
aos 8 anos em criancas nascidas extremamente
prematuras na era pds-surfactante

Lex William Doyle,"**# Sarath Ranganathan,*>¢ Jeanie Cheong, "3 The Victorian Infant

Collaborative Study

RESUMO

Contexto Nao esta claro se a displasia broncopulmonar
(DBP) est4 independentemente associada a reducao do
fluxo aéreo expiratorio na idade escolar.

Objetivo Determinar as associagbes independentes de
DBP moderada a grave, DBP leve, idade gestacional e
score z de peso ao nascer com fluxo aéreo expiratorio
em criancas nascidas extremamente prematuras (PE; <28
semanas de gestacdo).

Métodos Todos os sobreviventes de PE nascidos em
Victoria, Australia, em trés épocas (1991-1992, n=225;
1997, n=151; e 2005, n=170) foram recrutados ao nascer
e 418/546 (77%) tinham dados espirométricos validos
aos 8 anos. A DBP foi classificada como moderada a grave
(necessidade de oxigénio as 36 semanas de idade pos-
menstrual) ou leve (oxigénio> 28 dias, mas nao as 36
semanas de idade pos-menstrual). As varidveis do fluxo
aéreo expiratdrio, incluindo o volume expirado forcado em
15 (FEV,), foram medidas e os valores convertidos para
score z.

Resultados Em comparacdo com nenhuma DBP (n=94),
a DBP moderada a grave (n=193) foi associada a uma
reducdo substancial no fluxo aéreo expiratdrio (por exem-
plo, diferenca média de zFEV, -0,69,1C 95% -0,97 a -0,41;
p<0,001), mas DBP leve (n=131) néo foi (diferenca média
de zFEV, 0,01,1C 95% —0,28 a 0,31; p=0,93). Na analise
multivariada, a DBP moderada a grave permaneceu for-
temente associada a reducdo do fluxo aéreo (diferenca
média do zFEV, -0,63, 1C 95% -0,92 a -0,33; p<0,001),
mas a DBP leve (diferenca média do zFEV 0,04, I1C 95%
-0,26 20,34, p=0,27), idade gestacional (zFEV, aumento
médio de 0,06 por semana, IC 95% -0,05a 0,17; p =
0,29) e score z do peso ao nascer (zFEV, aumento médio
de 0,07 por DP, 1C 95% -0,06 a 0,20 ; p=0,28) ndo foram.
Conclusdes Em criancas nascidas com PE, a DBP mode-
rada a grave, mas nao a DBP leve, foi independentemente
associada a reducao do fluxo aéreo expiratorio aos 8 anos.

INTRODUCTION
Survival rates for infants born extremely preterm
(EP; <28 weeks’ gestation) have increased dramati-
cally with the advent of neonatal assisted ventila-
tion and subsequent advances in perinatal care
over the past 50 years. One of the major advances
was the introduction of exogenous surfactant into
clinical practice in the early 1990s to treat respira-
tory distress in infants born preterm who lacked
their own surfactant after birth. Today, almost
9-in-10 live births at 22-27 weeks’ gestation who
are offered intensive care are expected to survive
into adulthood.! Worryingly, adults born EP are
destined for higher rates of chronic obstructive
pulmonary disease than are adults born at term.
Bronchopulmonary dysplasia (BPD) affects ap-
proximately 50% of survivors born EP?® and is
strongly associated with reduced expiratory airflow
in later life in survivors born preterm.?** A recent
report suggests that it is not BPD per se that is as-
sociated with reduced expiratory airflow, but it is
increasing prematurity and fetal growth restriction
that are more important in infants born <35 weeks’
gestation.” If that is so, efforts to reduce BPD alone

What is the key question?

» Bronchopulmonary dysplasia is associa-
ted with reduced expiratory airflow in
children born preterm but recently it has
been suggested that gestational age and
fetal growth restriction are more impor-
tant associations, and bronchopulmonary
dysplasia itself is not.

What is the bottom line?

» Moderate-severe bronchopulmonary dys-
plasia is independently associated with
reduced expiratory airflow in 8-year-old
children who were born extremely pre-
term (<28 weeks’ gestation), whereas mild
bronchopulmonary dysplasia and gestatio-
nal age are not. The relationship with fetal
growth is not so straightforward; expressed
as a continuous variable it is not indepen-
dently associated with reduced expiratory
airflow, but expressed as a dichotomous
variable (birth weight <10th centile) it is.

Why read on?

» This study confirms that focus should
remain on preventing bronchopulmo-
nary dysplasia if expiratory airflows are
to improve in survivors born extremely
preterm. It also clarifies why different
conclusions about the independent asso-
ciations of bronchopulmonary dysplasia
with reduced expiratory airflow might
arise, dependent on methodological
issues, including sample selection, criteria
for bronchopulmonary dysplasia, and the
definition of reduced expiratory airflow.

without reducing prematurity or fetal growth re-
striction are unlikely to improve long-term expira-
tory airflow. Moreover, the conclusions from that
study seem to differ from reports of survivors born
very preterm (<32 weeks’ gestation) or very low
birth weight (<1500 g) where BPD was clearly as-
sociated with reduced expiratory airflow in child-
hood, adolescence and adulthood.**3? Such associ-
ations persisted after adjustment for gestational age
and fetal growth restriction;* however, the studies
included in the latter report predominantly arose
from survivors born in the pre-surfactant era,
when far fewer infants born EP survived.

The aim of this study was to determine the in-
dependent associations of BPD, including mode-
rate-severe and mild BPD, gestational age and
birth weight z-score with expiratory airflow in chil-
dren born EP in Victoria, Australia, at 8 years of age
in the years since exogenous surfactant has been
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available to treat surfactant deficiency in newborn infants. We
hypothesised that moderate-severe BPD would be independently
associated with reduced expiratory airflow, but that mild BPD, ges-
tational age and birth weight z-score would not.

METHODS

The only four neonatal intensive care units in the state of Victo-
ria, Australia, have collaborated with government data collection
agencies and the state-wide transport service to obtain population-
based data on long-term outcomes for discrete cohorts of infants
born initially with birth weight <1000 g from the late 1970s, and
since the early 1990s those born EP have been included. Antenatal
corticosteroids have been used clinically in Victoria since the late
1970s, and exogenous surfactant was introduced into clinical care
in 1991.

All survivors born EP in the state in three discrete eras 1991-
1992 (24 months), 1997 (12 months) and 2005 (12 months) were
recruited at birth and followed longitudinally. Perinatal data, in-
cluding gestational age, birth weight and BPD were collected pro-
spectively. Moderate-severe BPD was defined as dependence on
oxygen at 36 weeks’ postmenstrual age, as per the consensus defi-
nition of BPD.10 Mild BPD was defined as treatment with oxygen
for at least 28 days but not after 36 weeks” postmenstrual age."
Birth weight z-scores were computed relative to revised British
Growth Reference data.!

Respiratory function studies
At 8 years of age, corrected for preterm birth, expiratory airflow
was measured by spirometry according to American Thoracic So-
ciety guidelines'” in accredited respiratory function laboratories by
respiratory scientists who were blinded to clinical details of the
participants. Maximum expiratory flow-volume curves were re-
corded with the child seated. Flow was measured with a pneumo-
tachograph, and volume obtained by integration of flow from the
flow-versus-time data. Variables reflecting expiratory airflow in-
cluded the forced expiratory volume in 1 s (FEV), forced vital ca-
pacity (FVC), FEV /FVC, and forced expiratory flow from 25% to
75% of vital capacity (FEF,,, .., ). Results at body temperature and
pressure saturated with water vapour were converted into z-scores,
percentiles, and % predicted for age, height, sex and ethnicity."?
Poor expiratory airflow was defined as an FEV | <5th percentile (z-
score equivalent <—1.645 SD; % predicted equivalent <80%).

Data on respiratory function at 8 years of age have been reported
previously for all three cohorts,®**'* in some cases not only for chil-
dren born EP, but also combined with those weighing <1000 g at birth.

Statistical analysis
Data were analysed using Stata V.17.0. The relationships of the ex-
piratory flow variables as continuous z-scores with BPD (catego-
rised as moderate-severe, mild or nil), gestational age and birth
weight z-score were analysed by linear regression, first univariably,
and then with all three variables in the model to assess the inde-
pendent associations of each variable adjusted for the other two. We
also evaluated univariable and multivariable associations of the pro-
portions with poor expiratory airflow (FEV, <5th percentile) with
BPD, gestational age and birth weight z-score by logistic regression.

In a supplementary analysis we explored associations of ex-
piratory airflow with any BPD (mild +moderate-severe) and fetal
growth restriction (birth weight <10th centile; birth weight z-score
<-1.282), along with gestational age, using linear and logistic re-
gression analyses, in order to replicate the methods of Hart et al.”

All regression models were fitted using generalised estimating
equations with robust error estimates to account for clustering
within multiple births. Mean differences or ORs and 95% Cls were
calculated, where appropriate. Data were interpreted based on
magnitude of any differences and their 95% ClIs, and not just on p
values alone. We did not impute for missing data as it was unlikely
that missing data occurred at random.

Informed consent was provided by parents for the 2005 cohort
but was not required for the earlier cohorts where follow-up to
school age was considered to comprise usual clinical care.

Doenca pulmonar pediatrica

RESULTS
Of 949 consecutive live births born between 22 and 27 completed
weeks over the three eras combined, 546 (58%) survived to 8 years
of age. Of the 546 survivors, 501 (92%) were seen at 8 years. Valid
expiratory flow data were obtained from 418 (77%) of all survivors
at a mean age of 8.3 years, corrected for prematurity (table 1). In
the 418 with expiratory flow data, 46% (n=193) had moderate-se-
vere BPD, 31% (n=131) had mild BPD only, and 22% (n=94) had
no BPD; other perinatal characteristics are shown in table 1.
Perinatal characteristics between those with and without expira-
tory airflow data were mostly similar, although there were fewer
who were from multiple pregnancies in those without expiratory
airflow data (online supplemental table 1). At 8 years of age 45%
(37/82) of those without expiratory airflow data had a major neu-
rodevelopmental disability (IQ <-2 SD relative to normal birth
weight controls, moderate/severe cerebral palsy, blindness or deaf-
ness) compared with 12% (49/417) of those for whom valid expira-
tory airflow data were available.

Associations of BPD with expiratory airflow

Mean expiratory airflow z-scores were substantially lower than the
expected value of zero for all variables, regardless of whether the
children had BPD or not (table 2). Overall, 21% (89/418) had an
FEV, <5th percentile.

On univariable analysis, there was strong evidence that moder-
ate-severe BPD was associated with substantial reductions in z-
scores for FEV1, FVC and FEF,,, _ ., but not FEV /FVC (figure
1), and with higher odds of having clinically important airway ob-
struction (figure 2). However, there was little to no evidence that
mild BPD was associated with airway obstruction, expressed ei-
ther continuously or dichotomously (figures 1 and 2).

On univariable analysis there was evidence that increasing ges-
tational age was associated with increases in z-scores for FEV, and
FVC, and lower odds for clinically important airway obstruction,
but there was little evidence that increasing birth weight z-score
was associated with any expiratory flow variables, or clinically im-
portant airway obstruction (table 2; figures 1 and 2).

On multivariable analysis, the strong evidence that moderate-
severe BPD was associated with substantial reductions in z-scores
for FEV , FVC and FEF,,, ..., and with an increase in the odds
of clinically important airway obstruction persisted, with little ef-
fect on the point estimates compared with the unadjusted analyses
(figures 1 and 2). The lack of evidence for associations of mild BPD
with airway flows or airway obstruction persisted on multivariable

Table 1 Proportion with expiratory airflow data at 8 years, age when
assessed, and perinatal characteristics for participants

Survivors to 8 years—n 546
Expiratory airflow data at 8 years—n (% survivors) 418 (77)
Corrected age when assessed—years—mean (SD) 8.3(0.5)
Perinatal characteristics in the 418 with expiratory airflow data
Antenatal glucocorticoids—n (%) 335 (80)
Multiple pregnancy—n (%) 117 (28)
Gestational age—completed weeks—mean (SD) 25.8(1.1)
Birth weight—g—mean (SD) 867 (182)
Male—n (%) 207 (50)
Birth weight z-score—mean (SD) —0.34 (0.85)
Fetal growth restriction*—n (%) 30(7)
Exogenous surfactant—n (%) 276 (66)
Postnatal glucocorticoids—n (%) 144 (34)
Moderate—severe bronchopulmonary dysplasiat—n (%) 193 (46)

Mild bronchopulmonary dysplasiat—n (%) 131 (31)

No bronchopulmonary dysplasia—n (%) 94 (22)

*Birth weight z-score <—1.282 (<10th centile).
tIn oxygen at 36 weeks.
+Oxygen for at least 28 days after birth but not at 36 weeks.
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Table 2 Descriptive data for expiratory airflow in relation to severity of bronchopulmonary dysplasia, and univariable associations with gestational

age and birth weight z-score

Bronchopulmonary dysplasia

Airflow variable Moderate—-severe n=193 Mild n=131 None n=94 Gestational age Birth weight z-score
Continuous Z-scores Z-scores Z-scores Mean (95% Cl) per 1 week increase Mean (95% Cl) per 1 SD increase
FEV, -1.21(1.23) -0.53(1.10) -0.51(1.13) 0.15 (0.04 to 0.25) 0.09 (-0.05 t0 0.22)

FVC -0.92 (1.30) -0.26 (1.19) -0.32(1.11) 0.19 (0.08 to 0.30) 0.14 (—0.004 to 0.28)

FEV,/FVC -0.43 (1.49) -0.37(1.29) -0.27(1.33) -0.07 (-0.19 to 0.05) —0.08 (~0.22 to 0.06)

FEF g0, 755 ~1.55 (1.13) n=178 -1.23(097)n=127  -1.07(1.05)n=92  0.05 (-0.04 t0 0.14) 0.08 (~0.04 t0 0.19)
Dichotomous n (%) n (%) n (%) OR (95% Cl) per 1 week increase OR (95% Cl) per 1 SD increase
Low airflow* 58 (30) 19 (15) 12 (13) 0.79 (0.64 t0 0.97) 0.89 (0.67 to 1.20)

Data are mean (SD), unless otherwise specified.
*FEV, <5th centile.
FEF

25%=75%"

analysis. The evidence for an increase in zFEV, with increasing
gestational age diminished, but persisted for FVC on multivari-
able analysis. The lack of evidence for associations of airflows with
increasing birth weight z-score persisted.

In the supplementary analysis, there was evidence for associa-
tions of both any BPD and fetal growth restriction with reduced
z-scores for FEV , FVC and FEF,,, _, as continuous variables,
and for higher odds of clinically important airway obstruction on
univariable analysis (online supplemental table 2, figures 1 and 2).
Univariable associations with increasing gestational age were un-
changed from table 2 (increases in z-scores for FEV and FVC, and
lower odds for clinically important airway obstruction). On multi-
variable analyses of the continuous variables, the evidence for as-
sociations of any BPD with reduced FEV, and FEF,_, _., persisted,
but weakened for FVC, whereas the evidence for associations of
gestational age and fetal growth restriction was unchanged from
the univariable analyses (online supplemental table 2, figures 1 and
2). The evidence for higher odds of clinically important airway ob-
struction persisted for fetal growth restriction, but weakened for
both any BPD and gestational age.

DISCUSSION

The major findings in the present study of school-age children born
EP in the post-surfactant era are that moderate-severe BPD was
associated with lower expiratory airflow and higher rates of poor
expiratory airflow in the clinically important range. Importantly,
adjustment for gestational age and birth weight z-scores had little
effect on the strength of the evidence concerning the associations of
moderate-severe BPD with poor expiratory airflow. Although there
were some associations of better expiratory airflow with increasing
gestational age, the strength of the evidence diminished on some
multivariable analyses. The relationships with fetal growth were not
straightforward; as a continuous variable there was little evidence
that birth weight z-scores were associated with expiratory airflow,

FEV, FVC
Moderate-sevene BPD e —
Mild BPD T
Gestalional age - par week
Birthwaight z-score = par S0 ) = . =
-1 L5 0 05 -1 05 0 0.5
FEV,/FV FEF 25 75n,

Moderate-sevens BPD e
Mild BFD
Geslalional age - per week
Birhweight z-score - per S0
=1 0.5 a ns -1 0.5 1] 0s

Mean change in z-5cofa

Figure 1 Mean differences and 95% Cls for associations of expiratory
airflow with bronchopulmonary dysplasia (BPD), gestational age and
birth weight z-score—univariable (solid line) and multivariable (dashed
line) analyses. FEF, forced expiratory flow; FEV,, forced expiratory
volume in 1 s; FVC, forced vital capacity.

forced expiratory flow from 25%~75% of vital capacity; FEV,, forced expired volume in 1s; FVC, forced vital capacity.

but there was evidence that fetal growth restriction (birth weight
<10th centile), as a dichotomous variable, was associated with re-
duced expiratory airflow. There was no evidence that mild BPD was
associated with expiratory airflow on either univariable or multi-
variable analysis. These results were consistent with our hypotheses.
A systematic review in 2013 reported that preterm survivors
with and without BPD had substantial reductions in expiratory
airflow compared with term-born controls; some studies defined
BPD as oxygen dependency at 28 days after birth, and other stu-
dies as oxygen dependency at 36 weeks postmenstrual age.'® Re-
gardless of how BPD was defined, expiratory airflow was reduced
more in survivors with BPD compared with term-born controls
than it was in preterm survivors who had no BPD compared with
controls. In the majority of the 59 studies included in the review
the participants were born before the 1990s, but some were born in
the 1990s when surfactant was clinically available. In the system-
atic review, there was no adjustment of associations of expiratory
airflow with BPD for gestational age or fetal growth restriction.
Our results with respect to the associations of expiratory airflow
with the severity of BPD are similar to other studies of survivors
born preterm in the surfactant era. Ronkainen et al'” reported the
results of a systematic review of six studies with FEV results pub-
lished between 2000 and 2013; compared with term-born controls,
survivors born preterm had an increasing reduction in FEV , from
—7.4% predicted for no BPD, to —10.5% predicted for any BPD,
to —17.8% for moderate-severe BPD. In a cohort of 35 survivors
born EP in Norway in 1991-1992, Vollseter et al'® reported that
those who had moderate-severe BPD had worse expiratory airflow
than those who had mild BPD, who in turn had worse expiratory
airflow than those who had no BPD, at mean ages of 10.5 and 17.8
years. In a study of infants born <27 weeks’ gestation in Sweden
between 2004 and 2007, Thungqvist et al'® reported that expiratory
airflow at 6% years was lower in 17 children who had severe BPD
compared with 65 children who had moderate BPD. They did not
report results for children with mild or no BPD but there cannot
have been many because overall 90% of their cohort had either
moderate or severe BPD. Although they also reported that chil-
Poor expiratory airflow

Moderate-savars BPD e
Mild BFD T
Gestational age — per week —
Birthweight z-soofe — per S0 o= )
0.5 1 2 4
Odds ratio

Figure 2 ORs and 95% Cls for poor expiratory airflow (forced
expiratory volume in 1 s <5th centile) with bronchopulmonary dysplasia
(BPD), gestational age and birth weight z-score—univariable (solid line)
and multivariable (dashed line) analyses.
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dren born 22-24 weeks’ gestation had worse expiratory airflow
than those born 25-26 weeks’ gestation, there were no substantial
differences in airflow between those with birth weight z-score <-2
SD compared with those with birth weight z-score >-2 SD.

A recent study from the pre-surfactant era reported reductions in
expiratory airflow at 26 years of age in survivors born <1500 g birth
weight who had BPD (oxygen at 36 weeks postmenstrual age; mode-
rate-severe) compared with no BPD, which persisted after correction
for gestational age and growth restriction, among other variables.”
They did not report relationships relative to severity of BPD, however.
Another recent study of survivors born <26 weeks’ gestation in the
post-surfactant era also showed reductions in airflow at 19 years of
age in those who had BPD (oxygen dependency after 36 weeks’ post-
menstrual age; moderate-severe) compared with those who did not,
but they did not adjust for gestational age or growth restriction, and
neither was the relationship with severity of BPD explored.®

Our findings might seem to differ from those of Hart et al’ who re-
ported that although any BPD, lower gestational age and fetal growth
restriction were all associated with poorer expiratory airflow at 7-12
years of age in survivors born <35 weeks’ gestation on univariable
analysis, on multivariable analysis the association with BPD disap-
peared, but persisted for both lower gestational age and fetal growth
restriction. In our study it was the strong associations with moder-
ate-severe BPD that persisted, and associations with lower gestational
age diminished on multivariable analysis; there was little evidence
for associations with birth weight z-score. However, in our supple-
mentary analysis designed to mirror the methods of Hart et al, our
conclusions were more similar to theirs; all of any BPD, gestational
age and fetal growth restriction were associated with poor expira-
tory airflow on univariable analysis, but only fetal growth restriction
was independently related to poor expiratory airflow on multivari-
able analysis, with associations with both any BPD and gestational
age weakening. In our other supplementary analysis, associations of
any BPD with expiratory airflow continuous variables were weaker
than with moderate-severe BPD, but they did persist on multivariable
analysis for both FEV, and FEF, . as continuous variables. There
are several reasons why our study might have reached different con-
clusions to Hart et al. First, the upper gestational age for our study
was only 27 completed weeks, and hence we had a higher propor-
tion of survivors with moderate-severe BPD (46%) than did Hart et
al (12%; 68/544); since it is the moderate-severe BPD group that are
largely responsible for the associations with expiratory airflow, Hart et
al would have had less power to find any associations with any BPD
than we did. Second, Hart et al analysed associations only with low
expiratory airflow as a dichotomous outcome, which reduces power
to find associations compared with expressing expiratory airflows as
continuous variables. Third, they chose a cut-off for poor expiratory
airflow at <85% predicted for FEV , rather than a more typical cut-off
of <5th centile, which is <80% predicted. Fourth, they only examined
associations with FEV , whereas we also included FVC, FEV /FVC
and FEF,, ... We chose to report outcomes for both mild and mod-
erate—severe BPD separately because moderate-severe BPD is a more
important clinical outcome than mild BPD, consistent with the strong
independent associations of moderate-severe BPD with expiratory
airflow obstruction in our study.

The strengths of our study include recruiting complete geo-
graphical cohorts of children born EP, which encompasses any
potential differences in care between individual units and hence
our results are more generalisable to similar geographical cohorts
elsewhere. We also had high follow-up rates into mid-childhood,
measured expiratory airflow in approved respiratory function
laboratories according to accepted international guidelines, and
obtained satisfactory expiratory flow data in most participants.

Limitations include that we were unable to obtain expiratory flow
data on all participants; the high rate of major disability in those
without valid expiratory flow data are one reason why such data were
unavailable for some children who were assessed at 8 years; they
were unable to complete satisfactory spirometry. Another limitation
is that we did not record the precise inspired oxygen concentration
or requirements for assisted ventilation at 36 weeks postmenstrual
age for all infants in all eras, and hence we could not classify mode-
rate-severe BPD into categories of moderate and severe separately.

Doenca pulmonar pediatrica

Of note the workshop report that proposed the categorisation of dif-
ferent levels of severity of BPD was published in 2001, after two of
the three cohorts in the current study had been born and relevant
data on respiratory and oxygen requirements in the newborn period
had already been collected. A large study of expiratory flows across
all grades of severity of BPD would be worthwhile. We corrected
age for prematurity because children were assessed in multiple areas
other than expiratory airflow, including IQ. Failure to correct IQ for
prematurity results in a known bias in test scores at school age in
children born EP.* Had we not corrected age for prematurity, our
conclusions would have likely have been unaltered as correction for
prematurity has little effect on expiratory airflow z-scores.?'

In conclusion, our results demonstrate that moderate—severe BPD
is strongly independently associated with reduced expiratory airflow
and having higher odds of clinically important reductions in expira-
tory airflow in school-age children who were born EP, whereas mild
BPD is not associated with expiratory airflow in these children. Such
knowledge may inform counselling of families with children born
EP, particularly those who develop moderate-severe BPD, as well as
informing clinical follow-up, and potential interventions.

Twitter Lex William Doyle @ProfLexDoyle and Sarath Ranganathan @ sarathranganathan

Collaborators The Victorian Infant Collaborative Study Group: Peter Anderson, PhD: Turner Institute for Brain and Mental
Health, Monash University, Clayton, Australia; Victorian Infant Brain Studies, Murdoch Children’s Research Institute,
Melbourne, Australia. Alice Burnett, PhD: Victorian Infant Brain Studies, Murdoch Children’s Research Institute, Melbourne,
Australia; Premature Infant Follow-up Program, Royal Women's Hospital, Melbourne, Australia; Department of Paediatrics,
University of Melbourne, Melbourne, Australia; Department of Neonatal Medicine, Royal Children's Hospital, Melbourne,
Australia. Margaret P. Charlton, MEd Psych: Newborn Services, Monash Medical Centre, Melbourne, Australia. Noni
Davis, FRACP: Premature Infant Follow-up Program, Royal Women's Hospital, Melbourne, Australia. Julianne Duff, FRACP:
Premature Infant Follow-up Program, Royal Women's Hospital, Melbourne, Australia; Neonatal Services, Mercy Hospital for
Women, Melbourne, Australia. Katherine J Lee, PhD: Clinical Epidemiology and Biostatistics, Murdoch Children’s Research
Institute, Melbourne, Australia. Marion McDonald, RN Premature Infant Follow-up Program, Royal Women's Hospital,
Melbourne, Australia. Gillian Opie, FRACP: Neonatal Services, Mercy Hospital for Women, Melbourne, Australia. Amanda
Williamson, BSc: Neonatal Services, Mercy Hospital for Women, Melbourne, Australia.

Contributors LWD and JC conceived and designed the study. LWD and JC were involved in identifying or assessing
the children and in data collection. LWD, SR and JC were all involved in the data analysis or interpretation. LWD
drafted the manuscript. All authors were involved in revising the manuscript and approved the final submitted version,
and all agree to be accountable for all aspects of the work. LWD accepts full responsibility for the work and/or the
conduct of the study, had access to the data, and controlled the decision to publish.

Funding Supported by grants from the National Health and Medical Research Council of Australia (Centre of
Clinical Research Excellence #546519; Centre of Research Excellence #1060733 and 1153176; Career Development
Fellowship #1141354 to JC), and the Victorian Government's Operational Infrastructure Support Program.
Disclaimer The funding sources had no role in the study design; in the collection, analysis and interpretation of data;
in the writing of the report; or in the decision to submit the paper for publication.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by Royal Women'’s Hospital Human Research
Ethics Committee; Reference number 11/32. Participants gave informed consent to participate in the study before taking part.
Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the article or uploaded as supplemental information.
Supplemental material This content has been supplied by the author(s). It has not been vetted by BMJ Publishing
Group Limited (BMJ) and may not have been peer-reviewed.

Any opinions or recommendations discussed are solely those of the author(s) and are not endorsed by BMJ. BMJ
disclaims all liability and responsibility arising from any reliance placed on the content. Where the content includes
any translated material, BMJ does not warrant the accuracy and reliability of the translations (including but not limited
to local regulations, clinical guidelines, terminology, drug names and drug dosages), and is not responsible for any
error and/or omissions arising from translation and adaptation or otherwise.

ORCID iD

Lex William Doyle http://orcid.org/0000-0002-7667-7312

REFERENCES

1 Cheong JLY, Olsen JE, Huang L, et al. Changing consumption of resources for respiratory support and short-term
outcomes in four consecutive geographical cohorts of infants born extremely preterm over 25 years since the early
1990s. BMJ Open 2020;10:¢037507.

2 Doyle LW, Andersson S, Bush A, et al. Expiratory airflow in late adolescence and early adulthood in individuals born
very preterm or with very low birthweight compared with controls born at term or with normal birthweight: a
meta-analysis of individual participant data. Lancet Respir Med 2019;7:677-86.

3 Doyle LW, Carse E, Adams A-M, et al. Ventilation in extremely preterm infants and respiratory function at 8 years. N
Engl ] Med 2017;377:329-37.

4 Doyle LW, Irving L, Haikerwal A, et al. Airway obstruction in young adults born extremely preterm or extremely low
birth weight in the postsurfactant era. Thorax 2019;74:1147-53.

5 Yang J, Kingsford RA, Horwood J, et al. Lung function of adults born at very low birth weight. Pediatrics
2020;145:20192359.

6 Hurst JR, Beckmann ], Ni Y, et al. Respiratory and cardiovascular outcomes in survivors of extremely preterm birth at
19 years. Am | Respir Crit Care Med 2020;202:422-32.

7 Hart K, Cousins M, Watkins W, et al. Association of early life factors with Prematurity-Associated lung disease:
prospective cohort study. Eur Respir ] 2021. doi:10.1183/13993003.01766-2021. [Epub ahead of print: 08 Oct 2021].

8 Doyle LW, Ford GW, Olinsky A, et al. Bronchopulmonary dysplasia and very low birthweight: lung function at 11 years
of age. ] Paediatr Child Health 1996;32:339-43.

9 Doyle LW, Faber B, Callanan C, et al. Bronchopulmonary dysplasia in very low birth weight subjects and lung function
in late adolescence. Pediatrics 2006;118:108-13.

10 Jobe AH, Bancalari E. Bronchopulmonary dysplasia. Am J Respir Crit Care Med 2001;163:1723-9.

11 Cole TJ, Williams AF, Wright CM, et al. Revised birth centiles for weight, length and head circumference in the
UK-WHO growth charts. Ann Hum Biol 2011;38:7-11.

12 Miller MR, Hankinson J, Brusasco V; et al. Standardisation of spirometry. Eur Respir ] 2005;26:319-38.

13 Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry for the 3-95-yr age range: the
global lung function 2012 equations. Eur Respir ] 2012;40:1324-43.

14 Doyle LW, Victorian Infant Collaborative Study Group. Respiratory function at age 8-9 years in extremely low bir-
thweight/very preterm children born in Victoria in 1991-1992. Pediatr Pulmonol 2006;41:570-6.

15 Hacking DF, Gibson A-M, Robertson C, et al. Respiratory function at age 8-9 after extremely low birthweight or
preterm birth in Victoria in 1997. Pediatr Pulmonol 2013;48:449-55.

16 Kotecha SJ, Edwards MO, Watkins W7, et al. Effect of preterm birth on later FEV1: a systematic review and meta-a-
nalysis. Thorax 2013;68:760-6.

17 Ronkainen E, Dunder T, Peltoniemi O, et al. New BPD predicts lung function at school age: follow-up study and
meta-analysis. Pediatr Pulmonol 2015;50:1090-8.

18 Vollszter M, Roksund OD, Eide GE, et al. Lung function after preterm birth: development from mid-childhood to
adulthood. Thorax 2013;68:767-76.

19 Thunqvist P, Tufvesson E, Bjermer L, et al. Lung function after extremely preterm birth-A population-based cohort
study (EXPRESS). Pediatr Pulmonol 2018;53:64-72.

20 Wilson-Ching M, Pascoe L, Doyle LW, et al. Effects of correcting for prematurity on cognitive test scores in childhood.
J Paediatr Child Health 2014;50:182-8.

21 Doyle LW, Cheong JLY, Ranganathan S. Correcting standardized expiratory flows for prematurity in ex-preterm
survivors-Is it necessary? Pediatr Pulmonol 2019;54:205-11.

BM)

Doyle LW, et al. Thorax 2023;78:484—488. doi:10.1136/thoraxjnl-2022-218792

€3 249



Epidemiologia respiratdria

» Additional supplemental
material is published online
only. To view, please visit the
journal (http:// dx. doi.org/ 10.
1136/ thorax- 2022-218675).

For numbered affiliations see
end of article.

Correspondence to
Chidiamara Maria Njoku,
College of Health Sciences,
James Cook University Division
of Tropical Health and

Medicine, Townsville, QLD 4811,
Australia; chidi. njoku@ my. jcu.

edu. au
SB and KO contributed equally.

Received 6 January 2022
Accepted 30 November 2022

Published Online First 12 January

2023

C%D Linked

» http:// dx. doi. org/ 10.
1136/thoraxjnl- 2020- 216500

I '.) Check for updates

© Author(s) (or their
employer(s)) 2023. No
commercial re-use. See rights
and permissions. Published
by BM.

To cite: Njoku CM, Hurst
JR, Kinsman L, et al. Thorax
2023;78:596-605.

ARTIGO ORIGINAL

DPOC em Africa: fatores de risco, hospitalizacao,
reinternamento e resultados associados — uma
revisao sistematica e meta-analise

Chidiamara Maria Njoku," John R Hurst,? Leigh Kinsman,? Saliu Balogun,*

Kehinde Obamiro®

RESUMO

Enquadramento — Esta revisdo visa sintetizar as
evidéncias disponiveis sobre a prevaléncia da doenca
pulmonar obstrutiva cronica (DPOC), os fatores de risco
associados, as hospitalizagc')es e 0s reinternamentos
devido a DPOC em Affrica.

Método — Utilizando as orientacdes dos estudos
observacionais de revisao sistematica e meta-analise
(Meta-Analyses and Systematic Reviews of Observational
Studies), foram realizadas pesquisas em bases de dados
eletrénicas, desde a criacdo até 1 de outubro de 2021.
A qualidade dos estudos foi avaliada utilizando a escala
Newcastle-Ottawa. As evidéncias existentes nos artigos
consultados foram sintetizadas e foi realizada uma meta-
analise utilizando o modelo de efeito aleatorio. O proto-
colo foi registado na PROSPERO.

Resultados — Trinta e nove estudos corresponderam
aos critérios de inclusdo, sendo 13 incluidos na meta-a-
nélise. A prevaléncia de DPOC variou entre os critérios
da Global Initiative for Chronic Obstructive Lung Disease
(2%—24%), da American Thoracic Society/European
Respiratory Society (1%—17%) e do Medical Research
Council, em relagdo a bronquite cronica (2% — 11%),
respetivamente. O envelhecimento, a pieira e a asma
foram fatores de risco constantes para DPOC nos estudos
incluidos na sintese narrativa. A nossa meta-andlise indi-
cou que a tuberculose prévia ((OR 5,98, 95% IC 4,18 para
8,56), 0 tabagismo (OR 2,80, 95% IC: 2,19 para 3,59) e a
utilizacdo de biocombustivel (OR 1,52, 95% IC: 1,39 para
1,67)) foram fatores de risco significativos para DPOC. A
oxigenoterapia a longo prazo (HR 4,97, 95% IC (1,04
para 23,74)) e a hospitalizacao frequente (>3 por ano)
(HR 11,48, 95% IC (1,31 para 100,79)) foram fatores de
risco associados ao reinternamento a 30 dias por DPOC.
Conclusao — Este estudo ndo s6 destaca fatores de
risco especificos para o risco de DPOC em Africa, como
também demonstra a escassez e auséncia de investiga-
cd0 em varios palses, num continente com mortalidade
significativa associada a DPOC. As nossas conclusées con-
tribuem para o desenvolvimento de orientacdes clinicas
baseadas em evidéncias para a DPOC em Africa.
Numero de registo na PROSPERO CRD42020210581.

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is
characterised by airflow limitation in the lungs and
is associated with an abnormal inflammatory reac-
tion of the lung to tobacco smoke, noxious parti-
cles or gases.! COPD was ranked the fourth (out of
369) condition with the highest disability-adjusted
life years in the Global Burden of Disease report in
2019.2 The Global Burden of Disease 2019 study
estimated 212.* million prevalent cases of COPD
reported worldwide® with 3.3 million deaths.*
Furthermore, COPD is one of the top three leading
causes of death worldwide,' with 90% of COPD
deaths occurring in low and middle-income coun-
tries (LMIC),* mainly in South Asia and sub-Sa-
haran Africa.’

Despite growing knowledge of the incidence
and prevalence of COPD globally, there are scarce

WHAT IS ALREADY KNOWN
ON THIS TOPIC

» Chronic obstructive pulmonary disease
(COPD) and COPD-related hospital
admissions are prevalent in sub-Saharan
Africa; yet the research on the risk factors
for COPD and COPD hospital admission/
readmission on the continent is sparse
and diverse. There is a growing knowledge
of the prevalence of, risk factors and pre-
dictors of COPD, COPD admission and
readmission. Most of the published stu-
dies are from developed countries; hence,
a systematic review is needed to identify
predictors/risk factors of COPD, COPD
admission and readmission in Africa.

WHAT THIS STUDY ADDS

» This study provides a comprehensive and
up-to-date summary of the prevalence
and risk factors of COPD in Africa. It also
highlights the predictors of COPD admis-
sion and readmission that are unique to the
continent.

HOW THIS STUDY MIGHT
AFFECT RESEARCH,
PRACTICE OR POLICY

» This study identified intervention opportu-
nities that policymakers and healthcare pro-
fessionals could target to reduce the burden
of COPD in Africa.

data from many countries in Africa.’® In spite of
the increasing burden of COPD in Africa being
recognised as the second highest in the WHO
regions category,® there are no published reviews
that systematically highlight the predictors and risk
factors for COPD in Africa.” It is, therefore, vital
to understand these factors as COPD in Africa has
been described as an ‘incoming storm® and ‘the
silent epidemic’’

There are several factors prevalent in Africa asso-
ciated with COPD. Tobacco smoking is a major
risk factor for the development and progression
of COPD" with its use in Africa on the increase.
There are 1.1 billion smokers in the world, of which
80% live in LMICs."? There is also an increase in
the ‘non-smoking’ COPD population in Africa,
which highlights the multifactorial pathogenesis
of COPD."” Other factors associated with COPD,
especially in Africa, are environmental air pollu-
tion, exposure to combustion products of biomass
fuel, occupational dusts/vapours/fumes, previous
pulmonary tuberculosis (TB), HIV infection, poor
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diet, malnutrition (including effects in utero), low socioeconomic
status and childhood respiratory infections.* ** Environmental
pollution is a significant problem, with over 90% of households
and individuals in rural Africa exposed to biomass fuel.!®!”

COPD is one of the leading causes of emergency hospitalisa-
tion and readmission in the world."** Exacerbation of COPD has
been reported to be one of the main reasons for admission and
readmission of patients to hospital in high-income countries, with
severe negative impacts on the patient and the healthcare system.?
Prevention of exacerbation of COPD has been recognised as an
international priority in improving the prognosis of COPD and
reducing associated healthcare costs.”” 2! Two recent systematic
reviews on readmission for COPD focused on studies in devel-
oped countries with none from African countries to date,* %
highlighting the need to gather and synthesise evidence from
a continent with a high COPD burden to complement existing
knowledge.

Although there has been a consensus on the importance of iden-
tifying risk factors for COPD and healthcare utilisation in Africa,”*
there is no comprehensive review summarising these risk factors
implicated in the development of, and hospitalisation for COPD in
Africa. The available systematic reviews have focused on the prev-
alence, diagnosis and burden of COPD.®*~*" The present system-
atic review aims to summarise identified predictors/risk factors
of COPD and healthcare utilisation in Africa and review clinical
characteristics and outcomes.

METHODS

This study was reported following the Meta-Analyses and System-
atic Reviews of Observational Studies Guidelines® The protocol
was registered on PROSPERO.

Data sources and search strategy

We searched four electronic databases (Medline, Scopus, Embase
and Cumulative Index to the Nursing and Allied Literature
(CINAHL) for relevant papers from the inception date to 1 October
2021. We used four main search keywords (‘COPD;, ‘risk factors/
consequences, ‘admission/readmission’ and ‘Africa’) as ‘concepts’
based on previous systematic reviews relevant to the topic.? Alter-
native terms and synonyms for each of the key concepts were
identified as free-text terms and used to search in the databases as
title and abstract. Database-specific controlled vocabulary/subject
headings were also used in the search (online supplemental table
S1). Detailed information on the search strategy is found in online
supplemental table S2. Relevant studies identified through the
reference list of eligible papers were also included.

Statistical analysis

Studies were included based on the following inclusion criteria:

» Studies included the numerical estimates of the prevalence of
risk factors/predictors/causes for COPD or COPD admission
or readmission; admission/readmission (s) of COPD clearly
defined as one or more admission where COPD was the primary
diagnosis for the admission/readmission (s)

» Studies undertaken in any of the 54 African countries. Studies
were excluded based on these criteria:

» Studies were conference abstracts, editorial reports and letters,
theses or reviews.

» Studies described the implementation of interventions or
programmes beyond normal care.

» Studies were published in any language other than English.

» Studies undertaken in countries that are not in Africa.

Study definitions

COPD has been previously described based on both clinical
and pathological presentations such as chronic bronchitis and
emphysema.”” These definitions do not explain the physiological
impairment of the lungs that is manifest by reduced expiratory
volume linked to the vital capacity of the lungs. A clear definition
of COPD based on spirometry measures (a postbronchodilator
ratio of forced expiratory volume in one second (FEV) to forced

Epidemiologia respiratdria

vital capacity (FVC) of less than 70% (FEV /FVC<0.7)) has been
provided by the Global Initiative for Chronic Obstructive Lung
Disease (GOLD)' and the American Thoracic Society/European
Respiratory Society (ATS/ERS) guidelines30 (online supplemental
table S3). It has been acknowledged that the presence of mucus
hypersecretion seen in chronic bronchitis can occur without
airflow limitation in some patients. Hence, chronic bronchitis
or the occurrence of cough and sputum production for at least 3
months in two consecutive years in a person in whom other causes
of chronic productive cough have been excluded has been used in
studies.! For the purpose of this review, COPD definition will be
based on spirometry (1 and 2) and chronic bronchitis measure-
ment will be termed the non-spirometry3 measure:

1. The GOLD criteria’.

2. TheATS/ERS criteria,®® (GOLD and ATS/ERS criteria both
defined as a postbronchodilator ratio of FEV, to FVC of less
than 70% (FEV /FVC<0.7)).

3. The British MRC definition of chronic bronchitis, defined
as ‘chronic productive cough on most days for 3 months in 2
consecutive years in a person in whom other causes of chronic
productive cough have been excluded’’

Study selection and data extraction

Studies were exported into the Rayyan QCRI web app for syste-
matic reviews following the removal of duplicates in EndNote
X9 (Thomson Reuters, USA). Two authors (CMN and KO) inde-
pendently screened titles and abstracts of potential studies. The
full text of eligible articles following the initial screening was
independently reviewed by two authors (CMN and KO) to ensure
that included studies met the eligibility criteria. Disagreements on
selected papers between independent reviewers were resolved by a
third author (SB). Data were reviewed and extracted from eligible
studies according to a standardised format based on variables
of interest, such as study population, study design, age, gender,
smoking status, the prevalence of COPD and readmission rates.
The adjusted OR measurements of association were extracted
from the included studies.

Risk-of-bias assessment

Two authors (CMN and KO) independently assessed the methodo-
logical quality of each included study using the Newcastle-Ottawa
Scale® for cohort studies and adapted form for cross-sectional
studies.”> These tools are mainly employed for the appraisal of
non-randomised studies. The scale evaluates the selection, compa-
rability and outcome of the studies, using a ‘star’ system with a
maximum of nine stars for each study.* Two authors (CMN and
KO) independently assessed the quality of the studies and discrep-
ancies were resolved by consensus (CMN, KO and SB).

Data synthesis

The heterogeneity and inconsistencies in reporting risk factors
across studies prevented the inclusion of all the results from the
studies retrieved in the subsequent meta-analysis. The meta-anal-
ysis was conducted using summary data from 13 studies to synthe-
sise adjusted ORs for risk factors where results were reported
consistently. The pooled adjusted ORs and 95% ClIs were esti-
mated in a meta-analysis if at least five studies reported results
that were sufficiently similar.*®> Only studies that used the same
reference category for the smoking variable were included in the
meta-analysis. Similar analyses were performed for risk factors
of COPD admission/readmission. The heterogeneity of included
studies was addressed by applying the random-effects model in
Stata V.16.0, using the I* statistic to examine between-study hete-
rogeneity. The heterogeneity was substantial if the value of 1> was
>50% and having a p value of >0.1 was considered an indicator of
lack of heterogeneity.

RESULTS

The search identified 552 papers, of which 87 were duplicates and
excluded. Following the initial screening of 465 titles and abstracts,
149 full-text articles were assessed for eligibility and 39 papers met
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Records identified through database Additional records identified through
searching other sources
(n=439) (n=113)
J
Total records for screening Duplicates removed
(n=552) g (n=87)
Records for tithe and abstract screening Records excluded
(n=465) (n=316)
L 4
Full-text articles assessed for bl i
eligibility L, ull-text es excluded with reasons (n=110)
(n=149) Mot specific on risk factors of COPD [n=23)
Conference abstracts, editorial reports and letters, thesis
(n=4&)
Systematic reviews, literature reviews, RCT or qualitative
¥ studies (n=17)
Interventions or programs beyond normal care [n=5)
Studies included Not in English (n=3)
Mot undertaken in African countries (n=16)
(n=39)

Figure 1 Study flowchart of included studies. COPD, chronic obstructive pulmonary disease.

the inclusion criteria. The detailed selection process is shown in
figure 1. The result of the quality assessment showed that 38 studies
(97.4%) had five or more stars with one study (2.6%) having three
stars (online supplemental table S4).

Study characteristics

Table 1 shows the summary of relevant characteristics from 39
studies, which included 100 722 participants. Thirty-four of the
studies (87%) were cross-sectional studies, with two studies (5%)
conducted prospectively and another three (8%) conducted retro-
spectively. The studies were conducted across 14 of the 54 coun-
tries (26%) in the African continent. Five (out of 18) East African
countries contributed the largest number of studies (n=16),"* /
47 followed by four (out of 6) North African countries with eight
studies, > two (out of 16) West African countries contributing
seven studies®**'and one (out of 5) Southern African countries®*-*
and two (out of 9) Middle African countries®®® both contri-
buting four studies each. Seven studies were conducted in Uganda'®
3641-45 six in Nigeria® ¢ 7 four in South Africa®*; three each
in Cameroon,”-% Egypt,* ***> Morocco,” ** ** Tanzania'” *** and
Tunisia® ** *% two each in Algeria,”® ** Ethiopia,* * Malawi,*>"’
Rwanda® ** and one each in Cape Verde® and Democratic
Republic of Congo.® Thirty-five of the included studies (92%)
were published within the last decade (2010-2020).

Prevalence of COPD, COPD admission and readmission
Fourteen studies described COPD prevalence based on GOLD
spirometric criteria,!7 37 39-41 4648505259 62646710 oy ATS/ERS spiro-
metric criterjal® 3 % 3 42 44 516166 69 while 7 studies were on both
GOLD and ATS/ERS criteria.* %7 #3155576 Fiye studies utilised the
MRC description of chronic bronchitis®®*>**#¢ with one reporting
both chronic bronchitis (MRC) and COPD (ATS/ERS) criteria.*?
Thirty-one studies reported a total of 41 rates of COPD preva-
lence based on spirometry while five studies reported nine rates of
chronic bronchitis prevalence based on MRC criteria (table 1). The
prevalence of COPD ranged from 2% to 24% (GOLD criteria) and
1% to 17% (ATS/ERS criteria). The prevalence of chronic bron-
chitis ranged from 2% to 11% (MRC criteria).

Eight studies from North African countries (4 out of 8) reported
on the prevalence of COPD based on GOLD spirometry criteria
ranging from 4.1% to 12.6%, ATS/ERS criteria from 5.3% to 17.4%
and non-spirometry chronic bronchitis criteria from 2.2% to 3.7%.
Twenty-eight studies from the sub-Saharan African countries
reported the prevalence of COPD via GOLD criteria from 1.6%
to 23.8%, ATS/ERS criteria from 1.4% to 17.4% and chronic bron-
chitis MRC criteria from 2.2% to 10.7%.

Two studies reported the rate of COPD admission as 56% over
12 months65 and 8% over 5 years56 of study period, respectively.
Three studies reported the rate of COPD readmission as 6%
within 30 days postdischarge, 44% over 12 months® and 46% over
10 years of study period.”

Risk factors for COPD, COPD admission and readmission
Twenty-one studies reported 12 possible risk factors for COPD."
17 36-40 42 44-46 49 50 55 57 58 61 63 66 68 69 Of these, thl‘ee faCtOl‘S (biomass fuel)
TB, and smoking) were considered for pooled adjusted ORs as the
remaining factors were examined in fewer than five studies.” No
study reported on risk factors for COPD admission.

Long-term oxygen therapy (HR 4.97,95% CI 1.04 to 23.74) and
frequent hospitalisation (=3 in a year) (HR 11.48, 95% CI 1.31
to 100.79) were found to be risk factors associated with 30 days
COPD readmission.* Detailed summaries of the risk factors asso-
ciated with COPD and COPD readmission are presented in online
supplemental table S5 and S6.

Meta-analysis

Meta-analysis was not performed on all results because of the
lack of data on admissions/readmissions and the heterogeneity
of selected studies. We included 13 studies comprising 23 035
patients in the meta-analysis for the examination of COPD risk
factors. Seven of the studies with 18 314 patients reported smoking
as a risk factor, seven studies comprising 18 600 patients reported
the use of biomass as fuel as a risk factor while five studies with
17 114 patients reported history of TB as a risk factor. The pooled
adjusted OR indicates that previous pulmonary TB (OR 5.98, 95%
CI 4.18 to 8.56), smoking (OR 2.80,95% CI 2.19 to 3.59) and use of
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biomass as fuel (OR 1.52,95% CI 1.39 to 1.67) are significant risk
factors for COPD in Africa. These are presented using forest plots
(figure 2A-C). The heterogeneity between studies was not signif-
icant with I? values of 0% (95% CI 0%, 61%, p=0.84), 15% (95%
CI 0%, 61%, p=0.31) and 37% (95% CI 0%, 70%, p=0.12) for TB,
smoking status and biomass as fuel, respectively (figure 2A-C).

Narrative synthesis for risk factors for COPD

Older age

Thirteen out of 19 studies that examined the relationship between
age and COPD, associated older age across various age ranges
(=30 years to>74 years) with increased risk of COPD. Meghiji et
al reported that the odds of having COPD within the age range
of 50-59 years compared with >60 varied significantly from OR
of 4.66 to 10.12.%7 This was confirmed in research by Magitta et al
where the risk of COPD significantly increased in patients aged
between 51 and 60 (OR 9.66,95% CI 4.79 to 18.25) compared with
those between 41 and 50 (OR 4.02, 95% CI 1.10 to 14.66) in rela-
tion to those aged between 30 and 40." Desalu et al also reported
a significant association between older age (65-74 and >74) and
COPD compared with those <35 years. However, ages between 55
and 64 had a significant protective effect with an OR of 0.20 in
comparison to <35.%

Other risk factors

Three studies reported patients with a wheeze to be more likely to
develop COPD* ** ¢ while no association was found in patients
with chronic cough and sputum production.” * ** % For example,
Pefura-Yone et al found patients with lifetime wheeze to have
almost threefold increased odds of developing COPD compared
with those without lifetime wheeze.®” Asthma was associated with
increased risk for COPD in two studies® ¢ while no association
was found with other comorbidities (such as hypertension, heart
failure, pneumonia and diabetes) and COPD. Several studies inves-
tigated sex (n=13), ethnicity (n=2), Body Mass Index (n=8), HIV
(n=6), living in urban areas (n=3), educational level (n=14) and
occupational exposure to dusts, gases or fumes (n=6) as risk factor
for COPD, but the results were inconsistent. One study found
men to have a 3.0 odds of COPD compared with being **women;
however, another 10 studies found no association between sex and
COPD.

DISCUSSION

This is the first systematic review to examine and summarise the
risk factors for COPD and COPD admission in Africa. Our meta-
analysis showed that history of TB, smoking and use of biomass
fuel are associated with an increased risk of COPD. Increasing age,
wheezing and comorbid asthma are also risk factors for COPD.
We found that the prevalence of COPD ranged from 1% to 24%
depending on the assessment criteria and setting. We estimated,
for the first time, the prevalence of COPD in Africa and we also
identified COPD risk factors that are of importance on the conti-
nent. Nevertheless, these estimates were from only 14 out of the 54
countries. This highlights the urgency and need for more research
work to be conducted in COPD across Africa, considering that
90% of the COPD-related mortality rate occurs in Africa.

Our study reports the prevalence of COPD ranging from 1% to
24% is consistent with previous reviews that reported COPD prev-
alence in sub-Saharan African countries between 4% and 25%.% %
Another review reported COPD prevalence in Africa in all spiro-
metry-confirmed cases to be 13.4% and non-spirometry-con-
firmed cases to be 4.0%.* This was different to our result on spiro-
metric confirmed cases and non-spirometric confirmed cases. The
wide variation in the prevalence of COPD in Africa may be due to
variations in the study population and setting, age of participants
and criteria used for diagnosis."* This is similar to the result of a
recent systematic review that focused on developed countries.?

The 12-month and 5-year admission rates for COPD were 56%
and 8%, respectively, which are inconsistent with other studies in
the literature. The rate of readmission ranged from 6% to 46%,
depending on the follow-up period. Other reviews have only
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considered readmission from COPD in developed countries.? %
The COPD readmission rate reported in African populations is
lower for 30 days of readmission (6.0%) compared with developed
countries that varied from 8.8% to 26.0%;* however, there was
consistency in 1-year readmission. It is vital to highlight the lack
of studies on readmissions in Africa and the challenges accessing
affordable hospital care for those in need. Three studies reported
COPD readmission (1=30 day, 1=1 year and 1=10 years). On the
contrary,” studies in developed countries reported 30 days, 90 days
and 1-year all-cause COPD readmission® and 54 studies reported
30 days, 90 days and 1-year COPD-related readmission.?

Reasons for the differences in the figures observed between
Africa and developed countries may include the economic burden
of COPD due to poor access and affordability to hospital health-
care for many populations from low socioeconomic areas. Another
plausible reason could reflect the widespread under-recognition
and underdiagnosis of COPD.1 There is also diversity both within
and between African countries (eg, Northern African countries vs
sub-Saharan African countries). Our study clearly highlights the
importance of further research in this area with only 14 countries
(out of 54) contributing to the studies.

Consistent with the literature, our results found previous TB
infection to be independently associated with COPD.”" TB can
result in airflow obstruction meeting the spirometric criteria for
COPD. TB is known to trigger airway inflammatory response that
consequently results in a decrease in lung volume.” There is the
inflammatory response of TB known by its increased oxidative
stress in the airways and lung parenchyma which are vital patho-
logical processes in the development and progression of COPD.™
The high prevalence of TB worldwide especially in many deve-
loping countries denotes a considerable public health significance
both to epidemiologists and healthcare providers.

Asthma was found to be strongly associated with the deve-
lopment of COPD. Poorly controlled asthma, for example, in
the absence of access to affordable therapy, can result in airflow
obstruction that meets the spirometric criteria for COPD. This is
in line with a report from the Tucson study that found patients
with asthma to have a 12-fold higher risk of developing COPD
compared with those without asthma.” Although the reversibility
of pulmonary obstruction in response to treatment is a hallmark of
asthma, it has been shown to decrease over time in some asthmatic
patients, to the point of irreversible or only partially reversible
airway obstruction.” Systematic reviews have found an increased
frequency of COPD exacerbation and hospitalisation in patients
with asthma.” 7 This increases the disease burden for patients
with COPD. Clinical respiratory guidelines that are tailored to the
needs and demands of African countries by the global commu-
nity may improve the diagnosis and management of COPD but are
often lacking.”® Accessibility, availability and affordability of COPD
and respiratory medicines will go a long way in the management
of COPD.

The use of biomass fuel for cooking and heating was found to be
a significant risk factor for COPD. Globally almost three million
people use biomass and coal as their essential source of energy for
cooking, heating and other household requirements. 77 Over 90%
of households in rural Africa are exposed to biomass fuel with
women and young children, particularly at increased risk of expo-
sure during food preparation.'” Exposure to solid fuels for cooking
is associated with premature 3.8 million deaths a year.”® Twenty-
five per cent of deaths from COPD in adults in LMICs are due to
exposure to household air pollution.” Cooking in poor ventilated
kitchens was associated with a fourfold increase in development
of COPD.46 In poorly ventilated dwellings, indoor smoke can be
100 times higher than appropriate levels for fine particles.” There
is also the impact of pollution from industrialisation comprising
of fossil fuel-driven machineries with limited implementation of
safety and health standards in many settings. This highlights the
potential for effective policies and strategies to reduce the expo-
sure and impact of biomass fuels and the COPD burden of disease.

Seven studies found strong associations between smoking
and COPD. Smoking is recognised to be the most important
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Figure 2
pulmonary disease; REML, restricted maximum likelihood.

cause of COPD in high-income settings. This relationship was
substantial in subgroups of current smokers, former smokers and
combining current and former smokers. Forey et al in a meta-
analysis comprising of 218 studies demonstrated a clear relation-
ship between smoking (for ever, current and former smoking)
and COPD.79 Many of the African countries have lower tobacco
taxation rates, weaker smoke-free policies with less stringent
tobacco advertising restrictions in comparison to higher income

-

(A—C) The results of pooled adjusted ORs for tuberculosis, smoking status and biomass as fuel respectively. COPD, chronic obstructive

and developed countries. Hence, they are less likely to implement
programmes aimed at prohibiting smoking in public places."
Urgent action is required by all stakeholders, including govern-
ments in implementing and advocating prohibition of smoking in
public places.

The results of individual studies have demonstrated that the odds
of having COPD are greater in older age groups compared with
younger age groups. This finding is unsurprising and consistent
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with previous reports.?® > The average life expectancy in African
countries has increased since 2000 from 50.8 years to 61.2 years in
2016.% This increase suggests that the burden of COPD will also
be increasing and, therefore, requires urgent attention. The higher
COPD risk among individuals in the older age category may be
an indication of cumulative exposures during lifetime or ageing
of the airways and parenchyma associated with structural changes
in COPD.! Interestingly, the age range included in some studies
was as low as 30 years suggesting early onset, with early and conti-
nuous exposure to biomass and noxious fumes. These in combi-
nation with poor lung growth and development associated with
poverty and inadequately treated respiratory infections increased
the burden of COPD disease. African governments need to imple-
ment urgent policies to reduce airborne exposures, tobacco smoke
and indoor and outdoor pollution.

Two papers reported risk factors for readmission of COPD#
with one reporting only p values for the multivariate analysis.
Anbesse et al found long-term use of oxygen therapy (a marker of
respiratory failure, but a treatment not widely available in Africa)
and frequent hospitalisation (>3) in a year to be associated with
an increased risk of COPD readmission.* This is consistent with
a recent systematic review undertaken in developed countries.?
Patients on long-term oxygen therapy are likely to have severe
and advanced disease thereby increasing their risk of readmis-
sion. Similarly, frequent hospitalisation may indicate suboptimal
management or disease severity.

There are limitations to this study. We limited our literature
search to studies published in English; hence, it is possible that
we might have missed studies published in other languages. In
addition, Africa is geographically large and diverse with varying
health determinants and socioeconomic factors. Diversity extends
to differences within countries such that context varies greatly. The
covariates reported in the studies included in the meta-analysis
were not uniform, and the OR derived from various studies was
adjusted for different covariates. There is also the variation in the
method of diagnosing COPD, which reflects the diversity of formal
and informal healthcare system found in most African countries.
The diverse healthcare system is intertwined with social, cultural,
and economic/affordability issues which are strong barriers to early
assessing of appropriate healthcare services. Appropriate manage-
ment of COPD will require appropriate diagnosis involving access
to spirometry. A majority of healthcare facilities in Africa lack
spirometry and must rely solely on clinical features for diagnosis,
perhaps supported by case finding tools.®! There is also the issue of
affordability of the life-long treatments for appropriate manage-
ment of COPD. Adherence will continue to be severely affected by
affordability of health cost imposed on poor income households.
The availability of COPD therapy at an affordable price will be a
starting point in the prevention and management of COPD, as will
the effective implementation of guidelines.®” Further studies in
partnership with international communities are urgently needed
to tackle this global public health issue. We recognise that the
causes of poorly reversible airflow obstruction in LMIC settings
are diverse and that not everyone meeting spirometric criteria
for COPD has an exposure-driven airway disease. In addition,
respiratory exposures in LMIC may cause manifestations such as
emphysema that are not necessarily associated with poorly rever-
sible airflow obstruction despite being part of the COPD defini-
tion. These limitations are rarely adequately addressed in the indi-
vidual studies we have summarised and are important areas for
future research.

CONCLUSION

The prevalence of COPD is higher based on GOLD criteria
(2%-24%) compared with ATS/ERS criteria (1%-17%) and MRC
chronic bronchitis criteria (2%-11%). Comorbidity (TB and
asthma), smoking and use of biomass as fuel are significant risk
factors for COPD in Africa. Long-term use of oxygen therapy and
frequent hospitalisation (=3) in a year are associated with increased
risk of COPD readmission. Further studies are needed for clearer
reporting of the magnitude of the problem. These identified factors
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potentially guide the development of evidence-based guidance and
culturally acceptable local interventions tailored to the demands
and needs of various regions on the African continent.
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Vacina da GSK para preven¢ao do Virus Sincicial Respiratério (VSR)
ja esta disponivel em Portugal

Arexvy ¥ (vacina contra o Virus Sincicial Respiratdrio recombinante, com adjuvante) indicada para a imunizagdo ativa na prevengao das
doencas das vias respiratérias inferiores (DVRI), causadas pelo Virus Sincicial Respiratério (VSR), em adultos com idade 260 anos™, ja
esta disponivel em Portugal. A GSK anuncia que esta é a primeira vacina do mundo aprovada para proteger adultos mais velhos contra
o VSR .

A vacina recebeu aprovagdo da Agéncia Europeia do Medicamento, em junho de 2023. A autorizagdo de introdugdo no mercado ba-
seia-se nos dados positivos do ensaio clinico de fase Ill AReSVi-006 da GSK. No ensaio clinico, a vacina demonstrou uma eficdcia global,
estatisticamente significativa e clinicamente relevante, de 82,6% (96,95% IC, 57,9-94,1, 7 de 12.466 vs 40 de 12.494) contra a DVRI-VSR,
em adultos com 260 anos, cumprindo o objetivo primario. Além disso, a eficacia foi de 94,6% (IC 95%, 65,9-99,9, 1 de 4.937 vs 18 de
4.861) em adultos com 260 anos com, pelo menos, uma comorbilidade de interesse (asma, doenga pulmonar obstrutiva crénica (DPOC)
ou qualquer doenga respiratéria/pulmonar crénica, insuficiéncia cardiaca cronica, diabetes mellitus tipo 1 ou tipo 2, doenga hepdtica
avancada e doenga renal avancada).”

O VSR é um virus que afeta todas as idades, mas os adultos com 260 anos e comorbilidades pré-existentes apresentam um maior risco
de complicacBes graves.” /Anualmente, estima-se que cerca de 3 milhdes de adultos nesta faixa etaria sejam infetados pelo VSR, re-
sultando em mais de 270.000 hospitalizacdes e 20.000 mortes, na Europa'™’.

Desde o inicio da pandemia da COVID-19, houve um aumento acentuado das infe¢des por VSR e uma alteragdo no padrdo das infegdes
sazonais devido as medidas de prote¢do contra a COVID-19, aumentando a possibilidade de surtos fora da época onde é esperada uma
maior incidéncia®.

Segundo Neuza Teixeira, Diretora Médica da GSK Portugal, “A vacina assume uma importancia refor¢ada para pessoas com idade acima
dos 60 anos, especialmente com condigdes médicas subjacentes, como a diabetes, doengas cardiovasculares tal como a insuficiéncia
cardiaca e doengas pulmonares crénicas, as responsaveis pela maioria das hospitalizages por VSR®”

O Prof. Doutor Anténio Morais, presidente da Sociedade Portuguesa de Pneumologia, afirma que "Todos os anos, os hospitais em Por-
tugal verificam um aumento significativo nas admissdes causadas por virus respiratorios mais prevalentes no inverno, incluindo o VSR.
Reduzir as consequéncias deste virus debilitante é uma prioridade chave para os profissionais de saude e, por isso, considero que a
introdugdo desta vacina no mercado portugués é um avango significativo uma vez que permite a protecdo dos adultos com idade igual
ou superior a 60 anos, muitos dos quais com outras doengas, o que os coloca numa situagdo de vulnerabilidade.”

O langamento de Arexvy¥ no mercado privado portugués reflete o compromisso da GSK de continuar a investir no conhecimento
cientifico do sistema imunitério, na genética humana e em tecnologia avangada, para disponibilizar inovagdo que permita prevenir e
tratar doengas com Vacinas e Medicamentos e, dessa forma, ter um impacto na saude publica em larga escala.
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Ensaio controlado aleatorizado para a titulacao de
corticosteroides orais utilizando marcadores de

inflamacdo na asma grave

J Michael Ramsahai,'? Jodie L Simpson,' Alistair Cook," Peter G Gibson,'
Vanessa McDonald," Christopher Grainge,' Liam G Heaney,? Peter AB Wark'

RESUMO

Introducdo Os biomarcadores sao utilizados para sele-
cionar terapéuticas bioldgicas para doentes com asma
grave, mas ndo para ajustar regularmente a terapéutica,
especialmente os corticosteroides orais (CO).

Objetivo O nosso objetivo foi testar a eficacia de um
algoritmo para orientar a titulacdo de CO utilizando a
contagem sanguinea de eosinéfilos e a fracdo exalada
de oxido nitrico (FeNO).

Desenho, participantes, intervencdes e contexto
Este ensaio prospetivo, aleatorizado e controlado, de
prova de conceito, atribuiu aos participantes adultos com
asma grave ndo controlada (n=32) uma gestéo base-
ada em biomarcadores (BBM), em que a dose de CO foi
ajustada com base numa pontuacdo combinada de bio-
marcadores, composta por uma contagem sanguinea de
eosinofilos e a FeNO, ou um braco das melhores praticas
padrdo (SBP). O estudo foi realizado no Hunter Medical
Research Institute, em Newcastle, Australia. Os partici-
pantes foram recrutados na Clinica de Asma Grave local
e nao tinham conhecimento da sua inclusdo no estudo.
Principal resultado Os resultados coprimérios foram o
ntmero de exacerbacdes graves e o tempo até a primeira
exacerbacdo grave avaliada ao longo de um periodo de
12 meses.

Resultados Registou-se um tempo médio mais longo
para a primeira exacerbacdo grave com BBM, embora ndo
significativo (295 vs 123 dias, Adj. HR: 0,714; 95% IC:
0,25a2,06; p=0,533). O risco relativo de uma exacerba-
¢do grave na BBM (n=17) vs SBP (n=15) foi de 0,88 (Adj.;
IC 95%: 0,47 a 1,62; p=0,675) com uma taxa média
de exacerbacdo por ano de 1,2 e 2,0, respetivamente.
Registou-se uma reducdo significativa na proporcao de
doentes que necessitaram de uma visita ao servico de
urgéncia (SU) utilizando a BBM (OR 0,09, IC 95%: 0,01 a
0,91; p=0,041). Nao houve diferenca na dose cumulativa
de CO utilizada entre os dois grupos.

Conclusdo Um algoritmo de tratamento para ajustar
os CO utilizando a contagem sanguinea de eosinofi-
los e a FeNO é vidvel num contexto clinico, resultando
numa menor probabilidade de uma visita ao Servico de
Urgéncia. Isto justifica um estudo mais aprofundado para
otimizar a utilizacdo de CO no futuro.

Numero de registo do ensaio Este ensaio foi regis-
tado no Registo de Ensaios Clinicos da Australia e da
Nova Zelandia (ACTRN12616001015437).

INTRODUCTION

Asthma affects approximately 340 million people
worldwide, with an ever increasing prevalence,
particularly in developed nations.! Recent esti-
mates suggest approximately 4% of this population
have severe refractory disease.? This population,
although small, disproportionately accounts for
up to half the healthcare resource use and direct
and indirect costs to society due to asthma.’ Thus,
optimisation of the management of asthma in this
population represents an important opportunity
for the improvement of asthma care. While there

What is the key question?

» There have been multiple studies
employing novel therapies and bio-
marker-based management (BBM) to
improve outcomes in patients with severe
asthma, with studies employing biologic
medications demonstrating a significant
reduction in the use of chronic systemic
corticosteroid. Despite this, there remains
a significant proportion of the population
who continue to require treatment with
oral corticosteroids (OCS) for various
reasons and very little randomised con-
trolled data to help guide management
for these patients in an objective fashion
using readily available biomarkers.

What is the bottom line?

» We sought to determine whether con-
trolling airway inflammation by titrating
OCS using a biomarker composite score
made up of PBE and fraction of exha-
led nitric oxide as a surrogate for sputum
induction determined airway eosinophilia
will reduce exacerbations in patients with
severe asthma, compared with usual care
alone, in a severe asthma clinic. This BBM
approach proved feasible, although the pri-
mary endpoint of a reduction in severe exa-
cerbation rate was not met, but a reduction
in the proportion of patients who required
an emergency department visit was obser-
ved, without a significant difference in the
cumulative amount of OCS used.

Why read on?

» This furthers the concepts of precision
medicine for the chronic management of
severe asthma using objective biomarkers
to improve outcomes for patients, reduce
healthcare resource utilisation, and serve as
a catalyst for future work in this field.

has been significant progress in the last 75 years in
the availability of treatments for the asthma pop-
ulation, in general, it would appear that improve-
ments in morbidity and mortality have plateaued
over the last decade, with only small incremental
gains.* Biologic agents have been a significant ad-
vancement for the management of severe asthma
for those patients with refractory type 2 airway
inflammation demonstrating benefit in reducing
the use of oral corticosteroids (OCS) for episodic
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exacerbations and, in the case of mepolizumab, benralizumab,and
dupilumab, reducing their use for regular maintenance treatment
as well.> Optimisation of the use of OCS in this population is im-
portant to ensure that risk is reduced and benefit maximised. Pre-
vious work has demonstrated the utility of titrating therapy based
on sputum eosinophil counts and fraction of exhaled nitric oxi-
de (FeNO)."" Unfortunately, sputum cell count measures remain
difficult to obtain at many centres.’? Peripheral blood eosinophil
(PBE) counts, however, are widely available and have been used
as a surrogate for sputum cell counts.” As a result, we sought to
determine whether controlling airway inflammation by titrating
OCS using biomarker-based management (BBM) via a composite
score made up of PBE and FeNO, as a surrogate for sputum induc-
tion determined airway eosinophilia, will reduce exacerbations in
patients with severe asthma, compared with standard best practice
(SBP) alone, in a severe asthma clinic. Our hypothesis was that this
would be feasible and effective for these outcomes, while resulting
in a lower cumulative dose of OCS used.

METHODS

To explore this, we conducted a prospective randomised, single-
blind, controlled proof-of- concept study comparing BBM with
standard best practice clinical management (SBP) in participants
with severe asthma. Potential participants were recruited from the
Severe Asthma Clinic at the John Hunter Hospital, New Lambton,
New South Wales, Australia. This is a tertiary referral specialist/
multidisciplinary severe asthma clinic. All patients of the clinic
had been assessed by the clinical team within a structured
programme that confirms the diagnosis of asthma, assesses and
controls factors that precipitate and trigger asthma, and assesses
and treats the presence of comorbid conditions such as upper
airway dysfunction, gastroesophageal reflux, rhinitis and obstruc-
tive sleep apnoea.’*

Participants were recruited into the study if they were over
18 years of age, never or ex-smokers, and diagnosed with severe
asthma. To be classified as severe, participants had to have been
on Global Initiative for Asthma (GINA) Step 4/5 therapy'® and
have had uncontrolled asthma despite this treatment, with either:
a 6-point Asthma Control Questionnaire (ACQ)'® Score>1.5, or
a hospital admission for asthma in the last 12 months or at least
two severe asthma exacerbations in the past 12 months requiring
a burst of OCS (of at least 3 days). Mepolizumab was introduced
into the severe asthma clinic after the initiation of the study
protocol and participants taking any biological therapy available
were included in the study, but randomisation was not adjusted
for type of biological therapy. Participants did not have to be on
OCS at baseline to be enrolled. Participants were excluded based
on criteria in the online supplemental appendix.

Following a 4-week run-in period where participants remained
on their usual asthma treatment, those who remained stable were

randomised to either BBM or SBP in a 1:1 ratio. Block randomisa-
tion was performed by an independent research associate using
computer-generated randomisation tables with stratification based
on the presence or absence of OCS maintenance dosing and blood
eosinophil count at screening above or below 0.4x109 cells/L.

At baseline, inflammation was assessed with the following
markers: exhaled nitric oxide, induced sputum analysis and
peripheral full blood count. Participants were followed for a total
12-month period and assessed for outcomes on a monthly basis
as per the study visit schedule (online supplemental table 1),
with every second visit in the latter half of the study period being
conducted by phone. At the end of each in-person visit, medica-
tion changes were made according to study arm allocation. Partici-
pants and clinicians were blinded to each participant’s treatment
group allocation as well as inflammatory marker results.

Study groups

In BBM, participants were assessed by a clinician at each visit and
adjustment of OCS dose was performed using the algorithm in fig-
ure 1 as per the OCS adjustment table in online supplemental table
2 based on the results of their PBE count and FeNO. PBE count
and FeNO were used to assign a participant an average biomarker
score, which dictated the titration of their OCS dose.

Cut points for FeNO had been decided based on prior identi-
fication of the upper limit of FeNO at which people with asthma
can undergo corticosteroid withdrawal, as well as that which is as-
sociated with control of eosinophilic inflammation.”” Cut points
for PBE have been determined as those previously associated with
increased airway eosinophilia in asthma and chronic obstructive
pulmonary disease (COPD)."* !¢

The participants in SBP had their asthma control assessed ac-
cording to standard clinical parameters based on GINA treatment
guidelines and treatment step or dose escalation or de-escalation.'
This was assessed every 4 months through the study, based on the
recommendations of a consultation with a clinician (see online
supplemental table 1). Standard care treatment decisions were
made at these particular visits based on the result of clinician con-
sultation without knowledge of biomarker results for that visit.
This was based on the standard clinical care practice in the Severe
Asthma Clinic at the John Hunter Hospital.

An additional analysis was performed on the subgroup of pa-
tients receiving mepolizumab, as it was expected their biomarkers
may be affected by this treatment. PBE and FENO over the course
of the study were measured in this cohort.

Outcomes

The coprimary outcomes were time to first and the number of
severe exacerbations over 12 months. An asthma exacerbation
was defined as a worsening of asthma control characterised by a
progressive increase in symptoms requiring a change in treatment.

FeNO (ppb)

Blood eosinophil count <0.2
(cellx10°/L)

15-<30 230

0.2-0.4 >0.4

In BBM, titration of oral corticosteroids was performed using a composite biomarker
score (BS) comprised of FeNO and PBE. BS was assigned based on the measured biomarker
values at each visit. Composite BS was calculated by taking the average of the FeNO and PBE
BS scores and rounding up to the nearest whole number. Titration was then performed as

follows:

e BS=2: " or(if treatment naive) commence OCS at 7.5mg/day (or equivalent)

e BS=1:nochangeto OCS

e BS =0: reduce OCS. If off OCS, decrease ICS treatment.

The goal of this algorithm is to maintain a BS of 1 or lower using the lowest effective OCS

dose.

Figure 1
nitric oxide; ICS, inhaled corticosteroid; OCS, oral corticosteroids.

Algorithm for biomarker-based management of oral corticosteroid dose. BBM, biomarker-based management; FeNO, fraction of exhaled

BM)
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Severe exacerbations were defined as those requiring systemic
glucocorticoids or an increase in the dose of regular systemic
glucocorticoids for at least 3 days.!” Secondary outcomes that were
assessed were change in asthma symptom scores using the Asthma
Control Questionnaire (ACQ),'® and Asthma Quality of Life Ques-
tionnaire (AQLQ),” total and maintenance dose of OCS, analysis
of markers of inflammation at the final visit compared with entry
(PBE, sputum eosinophil counts and FeNO), total dose of OCS
used during the period of the study, and hospital admission or
emergency room visit due to asthma.

Spirometry, FeNO and sputum and blood eosinophil
measurements

FeNO measurements were performed using a NIOX VERO (Aero-
crine, Sweden) device, as per the manufacturer’s suggestions and
prior to spirometry. Spirometry was performed as per American
Thoracic Society (ATS) criteria® using a MedGraphics CPFS/D
USB-Ascensia spirometer and BreezeSuite software (Minneapolis,
USA). Blood eosinophil counts were measured from samples ob-
tained at each in-person visit through the study and processed at
either Pathology North (New South Wales, Australia) laboratories
or the Hunter Medical Research Institute. Sputum induction and
processing were performed as previously described by Gibson et
al.”?

Statistical considerations

All analyses were conducted using SAS V.9.4. An intention-to-
treat analysis was performed for all randomised participants.
Frequencies and percentages are provided for the categorical vari-
ables, while means, SD, median, first and third quartiles are pro-
vided for the continuous variables.

Time to first severe exacerbations was compared between treat-
ment arms using a Kaplan-Meier plot, along with a log-rank test
for the crude models and Cox regressions for both the crude and
adjusted models. Negative binomial models were used to analyse
the total number of severe exacerbations between treatment arms.

For the secondary outcomes that were recorded more than once,
treatment arms were compared using linear mix modelling with
random intercepts for within-subject correlation over time. Where
the outcome was measured only once, treatments were compared
using linear regression. Due to the low counts of hospital/emer-
gency department (ED) visits and a small subgroup sample size for
the participants on mepolizumab, the variables for the former were
dichotomised to having had a hospital/ED visit versus not, logistic
regression was used to compare the two treatment arms, and only
crude models were used. Adjusted models are presented for each
other outcome, which have been adjusted for age, sex, body mass
index, education, smoking history, age at asthma diagnosis, base-
line blood eosinophil count and baseline prednisolone dose.

Sample size was calculated based on uncontrolled prior data®
demonstrating a reduction in exacerbations from a median of 5
(IQR 5-8) to 0 (IQR 0-1) with the use of a similar algorithm based
on PBE for asthma management. Assuming a=0.05, and allowing
power to range from 0.8 to 0.95, yields a desired range of sample
sizes for each of the two groups of 9-16. Thus, a conservative esti-
mate of the necessary total sample size was 30.

RESULTS

Of the 41 patients screened, 32 were eligible for randomisation; 17
were randomised to BBM and 15 to SBP from 9 January 2017 to
23 May 2018, with 29 completing the study (online supplemental
figure 1). The study was ended once the required sample size was
reached and the last participant completed all required visits. A
total of 32 patients were analysed in the intention-to-treat analysis.
In BBM, one participant was lost to follow-up due to poor health
and inability to attend study visits, and one was removed due to
an adverse reaction to OCS. In SBP, one participant discontinued
the study to undergo investigation for a newly discovered potential
malignancy. Baseline measurements for participants are presented
in table 1.

There were less ex-smokers in BBM versus SBP (29% vs 47%);
however, the mean pack-year history was higher in BBM (17.9 vs
7.2 pack-years), both variations likely due to a small sample size.
Mean baseline lung function was similar between the groups, as
was mean sputum eosinophil count percentage (5.2% in BBM vs
6.0% in SBP) and exacerbation frequency in the last year (3.9 exa-
cerbations/year vs 4.8) (table 1). With respect to the markers of in-
flammation that would form the basis for the composite biomark-
er score and adjustment of corticosteroid dose during the study,
blood eosinophils were similar while FeNO was lower in BBM (24)
vs SBP (43). The median baseline dose of oral prednisolone was the
same between the groups at 5 mg/day.

Outcomes

Median time to first severe exacerbation was more than two times
as long at 295 days with BBM vs 123 days with SBP, though this
was not statistically different (Adj. HR: 0.714; 95% CI: 0.25 to 2.06;
p=0.533) (table 2, figure 2). There was no significant difference in
the number of severe exacerbations with BBM versus SBP (table
2, figure 2).

There was a significant difference in the proportion of partici-
pants who had at least one ED visit with a reduced OR with BBM
versus SBP (OR: 0.09 95% CI: 0.01 to 0.91, p=0.041) (table 2).
Similarly, the proportion of patients with at least one hospitalisa-
tion for asthma appeared to be reduced with BBM but this was not

Table 1 Baseline demographics of participants in standard best
practice (SBP) and biomarker-based management (BBM) arms
Demographic BBM, n=17 SBP, n=15
Age, mean (SD) 60.2 (13.6) 61.2 (10.5)
Sex (% male) 35% 47%
Highest level of <Year 11 5 (36%) 8 (50%)
el Year 12 3 (21%) 1(6.3%)
Diploma 1(7.1%) 2 (13%)
Certificate 1l1/IV 3 (21%) 2 (13%)
Bachelors 2 (14%) 1 (6.3%)
Graduate/ 0 (0%) 2 (13%)
postgraduate degree
Ex-smoker 29% 47%
Pack-year history 17.9 (16.5) 7.2 (6.0)
Forced expiratory volume in one second (% 72.7 (18.9) 67.8 (17.8)
predicted)
Peripheral blood eosinophil (cellsx10°/L) 0.3(0.3) 0.5 (0.5)
Fraction of exhaled nitric oxide (ppb) 24.3 (29.1) 42.7 (64.4)
Prednisolone dosage (mg/day) 4.7 (6.6) 5.4 (7.1)
Number with daily oral corticosteroids 9 (52.9%) 8(53.3)
use (%)
Asthma Control Questionnaire-6 Score 2.2(1.2) 1.8(1.3)
Exacerbations in the last year 3.9(2.9) 4.8 (3.6)
Sputum eosinophil count (%) 5.2(7.2) 6.0 (8.7)
Presence of eosinophilic airway 7(41.2) 8(53.3)
inflammation
Biologic treatment for asthma (n, %) 6 (35%) 9 (60%)
Omalizumab 2 (11.8%) 1 (6.7%)
Mepolizumab 4 (23.5%) 8 (53.3%)
Key comorbidities, (n, %) 12 (71%) 12 (80%)
Gastroesophageal reflex disease (GORD) 16 (94%) 8 (53%)
Sinonasal disease 9 (52%) 8 (53%)
Cardiovascular disease 8 (47%) 6 (40%)
Anxiety/depression 1 (6%) 2 (13%)
Vocal cord dysfunction 3(18%) 5(33%)

Allergic bronchopulmonary aspergillosis
(ABPA)/fungal disease

Data presented as number (proportion (%)) or mean (SD).
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Table 2 Primary outcomes of number of and time to first severe exacerbation and secondary outcomes of proportions of patients with at least one
hospitalisation or emergency department (ED) visit in standard best practice (SBP) versus biomarker-based management (BBM)

Outcome BBM SBP

Time to first severe exacerbation and HR (95% Cl) 295 days 123 days 0.714 (0.248 to0 2.057),
p=0.533

Mean number of exacerbations (n, SD) and rate ratio (95% Cl) 1.2 (1.6) 2.0(1.9) 0.876 (0.472 to 1.624),
p=0.675

Participants with at least one hospital admission (n, %) and OR (95% Cl) 2(12) 4(27) 0.37 (0.06 to 2.37), p=0.292

Participants with at least one ED visit (n, %) and OR (95% Cl) 1(5.9) 6 (40) 0.09 (0.01 to 0.91), p=0.041

statistically significant (OR 0.37 95% CI 0.06 to 2.37, p=0.292). As
there were only two participants in the BBM group, and six in SBP
who required either a hospitalisation or ED visit for the exacer-
bation, numbers were considered too small to perform adjusted
analyses. No reductions to inhaled corticosteroid (ICS) were un-
dertaken during the study.

There was no difference between the two arms with respect to
ACQ or AQLQ scores (figure 3). There was also no difference ob-
served in blood or sputum eosinophil count, or FeNO levels when
adjusted for outliers (online supplemental figure 2). The mean cu-
mulative OCS dose between groups over the duration of the study
was not significantly different (1655 mg (95% CI: 935 to 2374) of
prednisolone with BBM vs 1544 mg (95% CI: 318 to 2770) with
SBP, p=0.866).

Adherence to oral prednisolone was measured over the duration
of the study via pill counts for those participants on OCS. There
was no difference between the two groups in terms of mean adhe-
rence detected during the study for those on OCS (96.52% (95%
CI: 94.5% to 98.5%) in BBM vs 96.4% (95% CI: 93.5% to 99.2%) in
SBP, p=0.920). Dose adjustments were followed as per protocol at
a similar frequency in either group. This was done correctly (47/51
times in BBM (92.2%, 95% CI: 84.8% to 99.5%) vs 11/12 times in
SBP (91.7%, 95% CI: 76.0% to 107.3%), p=0.955).

A subgroup analysis of PBE and FeNO levels for those partici-
pants on mepolizumab also did not demonstrate any significant
difference over time, regardless of treatment arm (online supple-
mental figure 3). This may be related to the suppressive effect of
this medication on eosinophils. In spite of this, in 18.2% (95% CI:
8.9% to 27.5%) of all visits among participants on a biologic in
BBM vs 40.0% (95% CI: 29.9% to 50.1%, p=0.004) in SBP, biomar-
ker measures were detectable and still elevated (FeNO>30 ppb or
PBE>0.3x109 cells/L).

Unfortunately, this study was underpowered to detect its prima-
ry outcomes due to an insufficient sample size. Post-hoc analysis
revealed that 286 subjects would have been needed to provide a
power of 80% to detect a difference at a=0.05 for the HR and time
to events observed in the study.

DISCUSSION

Our results demonstrate that a biomarker-based approach to
the management of OCS in patients with severe asthma is feasi-
ble within a tertiary care severe asthma clinic. However, we were
unable to demonstrate a significant difference in the coprimary
outcomes of number of severe exacerbations and time to first exa-
cerbation. While not significant, median time to first severe exa-
cerbation in BBM was 295 days compared with only 123 days in
SBP. The biomarker strategy may have had a greater impact on re-
ducing more severe exacerbations as fewer participants in this arm
experienced an exacerbation requiring an ED visit compared with
the standard care arm and there was a trend towards a reduced
proportion of participants requiring hospitalisation. Cumulatively,
there was no statistical difference in the total dose of OCS used
in the two treatment arms to achieve these outcomes. Unadjusted
OCS trends over time were similar in both groups (online supple-
mental figure 4).

A reduction in ED visits is important since a large proportion
of the costs attributable to the care of patients with severe asth-
ma is associated with healthcare utilisation.’ In addition, recurrent
emergency visits and hospitalisations are key components of se-
vere asthma that affect quality of life for these patients.?* The abi-
lity to influence the need for healthcare utilisation without increas-
ing the cumulative dose of OCS administered would be beneficial
to this patient group. However, this reduction in ED costs would
need to be offset against the increased number of visits required

Kaplan-Meier Survival Curves for Severe Exacerbation with Number of Subjects at Risk

1.04

0.8

0.6+

0.4+

0.2+

Survival Proportion Free of Exacerbation

1 18 10
2 17 11

9

o

[i] 100

200 300

Days to first severe asthma exacerbation

| Treatment arm

12 Standard Bt Practics (S8

— — — - 2 Bosarker Based Management [BBM) |

Figure 2 Kaplan-Meier survival analysis of time to first severe exacerbation in the biomarker-based management versus standard best practice
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Figure 3  Asthma Control Questionnaire-6 Score (ACQ6) (A) and Asthma Quality of Life Questionnaire (AQLQ) (B) mean scores over time in the
biomarker-based management (BBM) and standard best practice (SBP) groups.

to achieve the adjustment of inflammation as participants in the  ing FeNO, PBE and periostin. Participants in this study had their
biomarker arm attended monthly visits compared with 16-weekly  therapy adjusted based on their biomarkers every 8 weeks over a

visits in the standard care arm. 48-week period, compared with usual care. Although failing their
Interestingly, similar research conducted by Heaney et al has  primary endpoint in the intention-to-treat analysis, a significant
sought to use a composite biomarker-based approach incorporat-  proportion of patients were able to reduce their corticosteroid
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dose in the per-protocol analysis.”® There was a similar, but not
significant, trend towards reduced exacerbations rates. This dif-
ference in ability to reduce corticosteroids, but ultimate ineflicacy,
may be related to the different biomarkers used, for example, peri-
ostin was included in the work by Heaney et al compared with this
study. Alternatively, the cut-offs chosen in the algorithm studied
here may have limited the opportunity for reduction of corticos-
teroid, and conversely may have been too stringent with respect to
restricting dose changes. In addition, while a lack of participants
choosing to follow the treatment directives given at visits in the
Heaney et al work was thought to affect the ability to demonstrate
an effect,” this is not thought to be the case in this study cohort, as
adherence was high, as monitored through the study based on pill
counts, and treatment decisions were followed the vast majority of
the time in both groups.

The authors postulate that, while titration of asthma therapy ac-
cording to sputum eosinophilia has been successful in prior stu-
dies,' * peripheral blood eosinophilia and FeNO may not be direct
enough measures of type 2 high inflammation or not sufficiently
correlated with exacerbation risk, to be as useful for the adjust-
ment of therapy longitudinally. Novel biomarkers may need to be
considered in the future. Similarly, this strategy may not apply to
patients without eosinophilic airway inflammation, and these par-
ticipants comprised 53% of our population (table 1). Interestingly,
in the studied population, among those participants on a biologic
treatment, either FeNO or PBE remained detectable in upwards
of 40% of participant visits, suggesting the composite biomark-
er score could still be considered a useful measure on which to
base adjustments of medications in the biologic era (online sup-
plemental figure 3). Direct conclusions on whether this weakened
the effect of our intervention cannot be determined, however, due
to the small numbers analysed. This likely affected the results with
respect to time to first severe exacerbation (figure 2).

Further advances in artificial intelligence and machine learn-
ing may better allow for widespread utilisation of biomarkers as
a guide, in this setting. Machine learning could allow for the ex-
ploration of which biomarkers, and at which levels, ideally predict
good asthma control and improved outcomes, similar to what is
being considered in other fields such as cardiology and oncology
for their outcomes.?” %

Benefits of the study and limitations

This study benefitted from its randomised and blinded design.
Although participants were assessed equally as many times in
both arms of the study, decisions were only made in SBP every 4
months, thus there were fewer opportunities to change the course
of asthma control. Conversely, the small sample size may have
limited the ability to identify a true effect. Unfortunately, although
this was a pilot study with a sample size based on prior observed
effects, it appears to have been underpowered to detect the primary
outcome based on post-hoc calculations. A larger multicentre trial
would allow for larger numbers as well as greater generalisability
of the results. In addition, being a single-centre study based at a
clinic specialised in the treatment of patients with severe asthma,
the participants treated as per the clinical judgement of the study
physicians would likely already reflect optimisation of the role of
steroids in ongoing treatment. Clinicians were also not blinded to
the fact that participants were enrolled in the study.

Further, the study was impacted by the introduction of mepoli-
zumab as a treatment for severe asthma in our clinic after the study
commenced. Due to the timing of availability of mepolizumab in
Australia, the authors felt it would be unethical to disallow partici-
pants from accessing this novel therapeutic, but allowed for inclu-
sion after 6 weeks of stability. Randomisation was not adjusted for
this, and hence, our results may have been impacted by the diffe-
rential effects of mepolizumab in our study population.

CONCLUSION
A treatment algorithm to adjust OCS using blood eosinophil
count and FeNO is feasible in a clinical setting. There was a trend

towards a longer time to severe exacerbation and reduced odds of
a hospital admission, although these results were not significant.
The treatment algorithm did result in a reduced proportion of
patients requiring an emergency visit for their asthma, without a
significant difference in the cumulative amount of OCS used. This
warrants further study in a larger sample to optimise the use of
OCS with biomarkers in the future.
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ARTIGO ORIGINAL

Estudo de coorte observacional do Reino Unido que
descreve os padroes de prescricao de corticosteroi-
des orais intermitentes e a sua associacao com resul-

tados adversos na asma

Heath Heatley," Trung N Tran,? Arnaud Bourdin,* Andrew Menzies-Gow,* David J Jackson,’
Ekaterina Maslova,® Jatin Chapaneri,® Derek Skinner," Victoria Carter," Jeffrey Shi Kai Chan,' Con

Ariti," John Haughney,” David B Price’®

RESUMO

Introducao Os corticosteroides orais (CO) para a asma
estdo associados a riscos acrescidos de desenvolvimento
de resultados adversos (resultados adversos); nenhum
estudo anterior se centrou exclusivamente na utilizaco
intermitente de CO.

Métodos Este estudo de coorte histdrico (2008-2019)
do Reino Unido usando registos médicos de cuidados pri-
mérios de duas bases de dados anénimas e de vida real
(OPCRD e CPRD) incluiu pacientes com idade >4 anos com
asma recebendo apenas CO em regime intermitente. Os
doentes foram indexados com base na primeira prescri-
cdo registada de CO em regime intermitente para asma e
categorizados de acordo com os padrdes de prescricdo de
CO: pontual (Unica), menos frequente (>90 dias de inter-
valo) e frequente (<90 dias de intervalo). Os doentes sem
CO, emparelhados 1:1 em termos de sexo, idade e data
de indexacao, serviram de controlo. Foi estudada a asso-
ciacdo dos padrdes de prescricdo de CO com o risco de
AO relacionada com CO, estratificada por idade, fase de
tratamento da Global Initiative for Asthma (GINA) 2020 e
prescricdes de corticosteroides inalados (Cl) e 3%-agonista
de acdo curta (SABA) utilizando um modelo multivariavel
de risco proporcional de Cox.

Achados Dos 476 167 doentes elegiveis, 41,7%, 26,8% e
31,6% apresentaram padrdes de prescricdo de CO Unicos,
menos frequentes e frequentes e intermitentes, respetiva-
mente. O risco de qualquer AO aumentou com os padroes
cada vez mais frequentes de CO intermitente versus ndo
CO (HR; IC 95%: one-off 1,19 (1,18 a 1,20), menos fre-
quente 1,35 (1,34 a 1,36), frequente 1,42 (1,42 a 1,43)),
e foi consistente com a idade, fase de tratamento GINA e
subgrupos Cl e SABA. Os riscos mais elevados de resulta-
dos adversos individuais relacionados com CO com uma
utilizacdo cada vez mais frequente de CO foram para a
pneumonia e a apneia do sono.

Conclusdo Uma proporcéo consideravel de doentes com
asma a receber CO em regime intermitente apresentou um
padrdo de prescricao frequente. Os padrdes de prescricdo
de CO cada vez mais frequentes foram associados a um
maior risco de resultados adversos relacionados com CO.
Sao necessarias estratégias de mitigacdo para minimizar
a prescricao de CO em regime intermitente nos cuidados
primarios.

INTRODUCTION

Despite the availability of novel and innova-
tive treatments for asthma, oral corticosteroids
(OCS) are still widely used.! 2 Both the British
Thoracic Society/ Scottish Intercollegiate Guide-
lines Network® and the Global Initiative for Asthma
(GINA) reportl recommend an intermittent OCS
dose of 40-50 mg prednisolone daily for at least 5
days for the management of severe exacerbations,
and in 2021, a Delphi study found consensus on a

What is already know on this topic
» Although widely prescribed, particularly
for acute exacerbations of asthma, both
intermittent and long-term use of oral
corticosteroids (OCS) are associated with
an increased risk of developing acute and
chronic adverse outcomes (adverse outco-
mes), and this risk increased with higher
cumulative and mean daily systemic cor-
ticosteroid exposure. However, data on
the adverse outcomes with patterns of
intermittent OCS prescription are scarce.

What this study adds

» Using two large, well-established UK data-
bases (OPCRD and CPRD) with high
data quality and granularity enabled us
to study the specific association between
patterns of intermittent OCS prescrip-
tions and risk of different OCS-related
adverse outcomes in almost half a million
patients with asthma.

How this study might affect rese-
arch, practice or policy

» Increasingly frequent prescribing patterns
of intermittent OCS were associated with
a higher risk of individual OCS-related
adverse outcomes, and this association
remained consistent across levels of age,
Global Initiative for Asthma treatment step
and inhaled corticosteroid maintenance
and short-acting (2-agonist reliever use.
Our results therefore suggest that the use
of intermittent OCS in the management
of asthma should be minimised whenever
possible.

dose of 0.5 mg/kg/day for a short course of OCS.*
In a real-world study of OCS prescription patterns
that included both intermittent and long-term
OCS prescriptions in France, Germany, Italy and
the UK from 2012 to 2017, 14%-44% of patients
with asthma aged>12 years were prescribed OCS
and 6%-9% had high OCS use (defined as =450
mg within 90 days, ie, corresponding to an average
of =5 mg per day) at some point during follow-up
(median range 33-55 months).” In a systematic
review of studies from Europe, North America
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Figure 1

Flow chart of UK patients with asthma receiving intermittent OCS prescriptions in this study. 'Asthma events include asthma medication,

asthma review or asthma diagnosis. CPRD, Clinical Practice Research Datalink; OCS, oral corticosteroid; OPCRD, Optimum Patient Care Research

Database.

and Asia in patients with asthma aged>5 years, annual systemic
corticosteroid (SCS) or OCS prescription was reported in ~50%
of patients, with short-term use reported in up to 36% of patients;
well above what might be expected for treatment according to
guideline recommendations.® Recent studies have shown a high
prevalence of exacerbations treated with OCS across all severities
of asthma,”® and exacerbations are increasingly being recognised
as a major problem or as a risk factor for asthma death outside of
severe asthma.

The use of SCS, even in the short-term, is associated with an
increased risk of developing acute and chronic adverse outcomes
(adverse outcomes).” ' A study of both intermittent and long-
term SCS prescriptions (parenteral or oral; median follow-up 7.4
years) showed that this risk increased with higher cumulative and
mean daily SCS exposure.' This is supported by another study of
intermittent and long-term SCS prescriptions (parenteral or oral;
median follow-up 7.1 years) in which increases in cumulative inci-
dences of steroid-related adverse outcomes were dose dependent.'?
Such OCS-related adverse outcomes can have a major impact on
health-related quality of life*® and are associated with increased
healthcare resource use."”

Prior research on OCS-related adverse outcomes has focused
mostly on overall OCS exposure, on cumulative or average daily
OCS exposure from both intermittent and long-term prescrip-
tions. There have been no longitudinal studies that have focused
exclusively on examining the association between patterns of
intermittent-only OCS prescriptions and risk of adverse outcomes.
Previous attempts to classify OCS use as intermittent or long-term
use were varied and based on aggregate measures over a specific
time period, such as continuous OCS prescription,'® continuous
OCS use without a gap,'® average number of days on OCS,* titra-
tion patterns and cumulative daily dosage,” *' none of which are
perfect. As a result, it is challenging to separate out the adverse
outcomes associated with intermittent use and long-term use given
this absence of a clear definition of long-term use in secondary data.
There is also a risk that, instead of identifying adverse outcomes
related to intermittent OCS use, hidden historical cumulative OCS
adverse outcomes are identified instead. Therefore, in this study,
we specifically aimed to assess for the first time the association
between longitudinal patterns of intermittent OCS prescriptions,

cumulative OCS dosages and OCS-related adverse outcomes in a
large cohort of UK primary care patients with asthma identified as
treated with intermittent-only OCS.

METHODS

Study design and data sources

This was a historical UK cohort study of patients>4 years with
asthma using primary care medical records from 2008 to 2019,
where adverse outcomes in a cohort of patients with intermit-
tent-only OCS use were compared with a matched patient cohort
of never users of OCS. Data were sourced from the Optimum
Patient Care Research Database (OPCRD)?? and Clinical Practice
Research Datalink (CPRD) GOLD,* two anonymised, real-life UK
databases containing patient electronic medical records extracted
from primary care and linked, in the case of CPRD, to a range
of other health-related data to provide a longitudinal, representa-
tive UK population health dataset. CPRD contains data from
primary care using Vision (Surgical Information Systems, Georgia,
USA) software only; OPCRD contains data from a range of soft-
ware providers, including EMIS (EMIS Health, Leeds, UK), iSoft
(DXD Technology, Sydney, Australia) and Vision. The OPCRD
comprises data extracted through the optimum patient care (OPC)
clinical service evaluation and contains research-quality data for
~17 million patients across the UK.>> At the time of study, the
CPRD GOLD database had coverage of over 11 million current
patients from 674 practices in the UK, with data linked to Hospital
Episode Statistics up to March 2019, allowing for identification
of any hospital admission, including admissions with asthma as
the primary diagnosis, as well as outpatient visits and emergency
department attendances. To avoid overlap of the same primary
care data between CPRD and OPCRD, Vision data were dropped
from the OPCRD database prior to commencing the study.

Patients

Patients aged>4 years with at least 12 months’ clinical data prior
to index date receiving only intermittent OCS (OCS cohort) were
matched 1:1 on gender, age and index date with patients with or
without asthma who had received no exposure to OCS (‘never users’
or ‘non-OCS’ cohort). Patients who were receiving or suspected
of receiving long-term OCS prescriptions were excluded, as per a
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Table 1

Baseline demographics and clinical characteristics of UK patients with asthma receiving intermittent 0CS

Non-0CS (never

Any OCS n=476 167

One-off OCS n=198 Less frequent 0CSt  Frequent OCS$ n=150

users) n=476167*  (100%) 422 (41.7%) n=127 419 (26.8%) 326 (31.6%)

Age, mean, years (SD) 38.1(22.4) 38.1(22.4) 35.6 (22.3) 36.9 (22.1) 42.4(22.2)
Age category, n (%)

4-<12 years 76859 (16.1) 77.131 (16.2) 35478 (17.9) 22568 (17.7) 19085 (12.7)

12—<18 years 36329 (7.6) 36262 (7.6) 19336 (9.7) 9518 (7.5) 7408 (4.9)

18-<65 years 292846 (61.5) 292778 (61.5) 118163 (59.6) 78572 (61.7) 96043 (63.9)

>65 years 70133 (14.7) 69996 (14.7) 25445 (12.8) 16761 (13.2) 27790 (18.5)
Female, % 55.7 55.7 51.8 56.3 60.2
Follow-up, median, years (IQR) 9.0 (4.7,14.7) 8.3(4.2,13.7) 6.4 (3.1,11.5) 9.8 (5.6, 14.9) 9.6 (5.1, 15.2)

Time in database pre index, median, years (IQR)
BMI
Underweight, n (%)
Normal, n (%)
Overweight, n (%)
Obese, n (%)
Unknown, n (%)
Mean (SD)
Smoking status, n (%8§)
Never
Current
Ex
Unknown
SABA prescriptions; n (%)
0
1-2
3-11
=12
ICS prescriptions; n (%)
0
1-3
4-6
7-9
10-12
=13

16.8 (7.8,30.4)

23904 (5.0)
144517 (30.4)
102328 (21.5)
66473 (14.0)
138946 (29.2)
25.8 (5.9)

135708 (28.5)
117089 (24.6)
67711 (14.2)

155659 (32.7)

470929 (98.9)
3524 (0.7)
1476 (0.3)
238 (0.0)

472462 (99.2)
2354 (0.5)
747 (0.2)

310 (0.1)

179 (0.0)

115 (0.0)

17.0(7.5,31.1)

35998 (7.6)
138469 (29.1)
109042 (22.9)
100995 (21.2)
91710 (19.3)
26.6 (7.0)

141231 (29.7)
131851 (27.7)
84377 (17.7)

118708 (24.9)

113262 (23.8)
213594 (44.9)
133255 (28.0)
16056 (3.4)

191141 (40.1)
183159 (38.5)
59230 (12.4)
23952 (5.0)
11968 (2.5)
6718 (1.4)

15.1 (6.9, 28.3) 16.2 (7.2, 30.1) 20.6 (9.1,34.9)

15159 (7.6) 10257 (8.0) 10553 (7.0)
56728 (28.6) 37665 (29.6) 44061 (29.3)
42521 (21.4) 28899 (22.7) 37612 (25.0)
36410 (18.3) 26529 (20.8) 38048 (25.3)
47601 (24.0) 24057 (18.9) 20038 (13.3)
26.2 (6.8) 26.5(6.9) 27.2(7.1)
60921 (30.7) 37512 (29.4) 42813 (28.5)
53508 (27.0) 34951 (27.4) 43384 (28.9)
33951 (17.1) 21075 (16.5) 29375 (19.5)

50042 (25.2) 33881 (26.6) 34754 (23.1)
44766 (22.6) 30987 (24.3) 37507 (25.0)
96751 (48.8) 55660 (43.7) 61183 (40.7)
51519 (26.0) 36602 (28.7) 45134 (30.0)
5384 (2.7) 4170 (3.3) 6502 (4.3)
80403 (40.5) 50177 (39.4) 60560 (40.3)
79561 (40.1) 50015 (39.2) 53583 (35.6)
22712 (11.4) 16260 (12.8) 20258 (13.5)
8874 (4.5) 6315 (4.9) 8763 (5.8)
4393 (2.2) 3043 (2.4) 4532 (3.0)
2479 (1.2) 1609 (1.3) 2630 (1.7)

*Non-0CS patients were matched with all patients receiving OCS prescriptions according to 1:1 ratio.
tPatients who received all OCS prescriptions with a gap of =90 days.
tPatients who received at least some OCS prescriptions with a gap of <90 days, allowing for other prescription gaps to be =90 days.
§0nly the percentages of patient with known smoking status were calculated.
BMI, body mass index; ICS, inhaled corticosteroid; OCS, oral corticosteroid; SABA, short-acting f3, agonist.

previously defined algorithm.* The index date for patients in the
OCS cohort was the first intermittent OCS prescription within 3
months of an asthma event, which included asthma medication,
consultation and/or diagnosis. Patients in the non-OCS cohort
were indexed on the nearest general practitioner visit to the index
date of the matched OCS patient.

OCS and non-OCS patients were also excluded if they had
a diagnosis, ever, of one of the following chronic conditions
commonly treated with OCS: ankylosing spondylitis, Sjogren’s
syndrome, systemic lupus erythematosus, ulcerative colitis, rheu-
matoid and psoriatic arthritis, multiple sclerosis, and Crohn’s
diseases. In order to ensure that the postindex adverse outcomes
were incident events, patients with chronic adverse outcomes pre
index were excluded, which led to different match sets for different
individual adverse outcomes.

Study variables and outcomes
OCS exposures were converted into prednisolone equivalents
using the defined daily dose (DDD) obtained from the Anatomical

Therapeutic Chemical/DDD classification system.® A patient’s
cumulative dose was calculated as the sum of all prednisolone,
or equivalent, doses (g) prescribed from index date up until the
outcome event.

The methodology for classification of intermittent OCS
prescribing patterns has been described separately.** Briefly, OCS
prescription patterns were evaluated across the entire follow-up
period and classified as one-off, for patients with a single OCS
prescription (as a proxy for OCS use), less frequent pattern, for
patients with >1 prescription with any gaps>90 days but no gap<90
days, or frequent pattern, for patients with >1 prescription with
<90 day gap(s).

Each patient was followed until first OCS-related AO and
censored for that specific AO, or death or end of follow-up, but
remained in the dataset for other conditions. The following
adverse outcomes were recorded, defined according to Interna-
tional Classification of Diseases codes for diagnosis, and—for
some adverse outcomes—other criteria, such as disease-specific
medication prescription and/or physiological biomarkers:
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Figure 2 HRs* of adverse outcomes in UK patients with asthma receiving intermittent OCS prescriptions versus non-OCS patients. 0CS, oral
corticosteroid. Non-OCS patients were matched with all patients receiving OCS prescriptions according to a 1:1 ratio. **Patients with less frequent
0CS use received all OCS prescriptions with a gap of =90 days. *Patients with frequent OCS use received at least some OCS prescriptions with a gap
of <90 days, allowing for other prescription gaps to be =90day. *HRs were calculated using Cox regression analysis, adjusted for age, gender, body
mass index, smoking and time-varying OCS prescriptions. *Behavioural disorders include diagnoses for distress, agitation, nervousness, emotional

problems, irritable and abnormal behaviour among patients <18 years.

dyslipidaemia, behavioural disorders (diagnoses of distress, agita-
tion, nervousness, emotional problems and irritable and abnormal
behaviour for patients<18 years), renal impairment, osteoporosis/
osteoporotic fractures, hypertension, peptic ulcer, cardiovascular
disease, depression/anxiety, sleep disorders, cataracts, glaucoma,
type 2 diabetes mellitus, pneumonia and sleep apnoea (online
supplemental table S1).

Statistical analysis

Descriptive statistics were reported for the absolute and relative
number of patients, mean, median, SD and IQR for continuous
and categorical variables.

Patient demographic and clinical characteristics for the 12
months prior to index date (referred to as baseline) included age
(4-<12, 12-<18, 18-<65 and 265 years), sex, body mass index
(BMI; underweight, normal, overweight, obese and unknown),
smoking status (never, current, former and unknown), short-
acting 2-agonist (SABA) prescriptions (0, 1-2,3-11 and >12 fills)
and inhaled corticosteroid (ICS) prescriptions (0, 1-3, 4-6, 7-9,
10-12 and =13 fills). The SABA and ICS prescription categories
were based on the distribution of the study data in the OCS cohort
(online supplemental figure S1).

The risk of developing an AO was analysed using survival ana-
lysis methods. Patients with prior diagnosis of an AO, and which
was classed as chronic, were excluded from the corresponding
analysis in order to specifically assess incident-only adverse
outcomes, meaning that the sample size for analysis of individual
adverse outcomes or a set of any adverse outcomes differed from
one to another. Kaplan-Meier curves were used to describe the
overall risk profile of each AO. To assess the association between
intermittent OCS (vs non-OCS) prescription and risk of adverse
outcomes, a multivariable Cox proportional hazard model was
used to calculate HR and 95% CI for each AO. The Cox models
were adjusted for age, sex, BMI, smoking status and time-varying
OCS prescriptions, defined a priori. The multivariable analysis was
further stratified by age, GINA 2020 treatment step and prescrip-
tions for ICS and SABA in the 12 months pre index.

To assess the relation between cumulative OCS dose and each
AO, adjusted incidence rate ratios and 95% CI were calculated for
each AO, comparing the OCS categories (>0 to <0.5 g, 0.5 to <1.0
g, 1.0 to <2.5 g, 2.5 to <5.0 g, 5.0 to <10.0 g and >10.0 g) to the
non-OCS group.

Analyses were conducted using Stata SE V.14.2 (StataCorp,
College Station, Texas, USA) and statistical significance was
defined at two-sided p<0.05.

RESULTS

Patient characteristics

Of 2 130 881 patients receiving an OCS prescription for any condi-
tion (CPRD and OPCRD) between 1985 and 2019, 476 167 met
the eligibility criteria (figure 1); records from 476 167 matched
non-OCS patients were included, 16 716 (3.5%) of whom had
an asthma diagnosis or asthma treatment ever (0.8% and 1.1% of
non-OCS patients had >1 ICS and >1 SABA prescription, respec-
tively, in the 12 months before the index date). The median follow-
up (IQR) duration was 8.3 (4.2-13.7) years for the OCS cohort
and 9.0 (4.7-14.7) years for the non-OCS cohort; length of time in
database preindex was 17.0 (7.5-31.1) and 16.8 (7.8-30.4) years,
respectively. The mean (SD) age and sex distribution at index date
for patients receiving OCS prescriptions and matched non-OCS
was 38.1 (22.4) years and 55.7% were female in both cohorts. There
were more obese patients in the OCS cohort than in the non-OCS
cohort (table 1).

Of the study patients, 198 422 (41.7%), 127 419 (26.8%) and
150 326 (31.6%) had one-off, less frequent and frequent patterns
of intermittent OCS prescription during the follow-up, respec-
tively. The mean (median (IQR)) cumulative OCS dose was 176
(150 (150-200)) mg for one-off, 510 (420 (300-600)) mg for less
frequent and 2357 (940 (540-1800)) mg for frequent patterns. Pa-
tients who had more frequent patterns of intermittent OCS pre-
scriptions were older and more likely to be female. Those who had
a frequent pattern of intermittent OCS prescriptions were more
likely to be obese and to be current or ex-smokers compared with
the one-off and less frequent OCS groups (table 1).
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Table 2 HRs for any adverse outcomes in UK patients with asthma
receiving intermittent OCS stratified by age, GINA treatment step, ICS
and SABA prescriptions versus all non-OCS patients

HR (95%Cl) by One-off 0OCS n=198  Less frequent 0CS*  Frequent OCSt
category 422 (41.7%) n=127 419 (26.8%)  n=150 326 (31.6%)
Age

4-<12 years 1.11(1.08,1.14) 1.21(1.17,1.24) 1.32(1.29,1.36)

1.17 (1.14,1.20)
1.24(1.23,1.26)

1.33(1.29,1.37)
1.39(1.38,1.41)

1.45 (1.40, 1.50)
1.48 (1.47,1.50)

12-<18 years
18-<65 years

=65 years 1.20(1.18,1.23) 1.35(1.33,1.38) 1.35(1.33,1.37)
GINA
Step 0 1.25(1.22,1.28) 1.43 (1.40, 1.47) 1.46 (1.43,1.49)
Step 1 1.21(1.19,1.23) 1.35(1.33,1.38) 1.40 (1.38,1.43)
Step 2 1.16 (1.15,1.18) 1.32(1.30,1.34) 1.38(1.36, 1.41)
Step 3 1.19(1.17,1.21) 1.38(1.35,1.41) 1.46 (1.43,1.49)
Step 4 1.28(1.24,1.32) 1.47 (1.43,1.52) 1.58 (1.54,1.63)
Step 5 1.33(1.24,1.43) 1.59 (1.49, 1.70) 1.89(1.80, 1.99)
ICS prescriptions
0 1.22 (1.20,1.23) 1.38 (1.36, 1.40) 1.42 (1.40, 1.44)
1-3 1.18(1.17,1.20) 1.34(1.32,1.36) 1.45(1.43,1.47)
4-6 1.21(1.17,1.24) 1.41(1.37,1.46) 1.49 (1.45,1.53)
7-9 1.20(1.17,1.20) 1.38(1.35,1.41) 1.44(1.41,1.47)
10-12 1.25(1.18,1.32) 1.44 (1.36, 1.52) 1.56 (1.49, 1.64)
=13 1.26(1.18,1.36) 1.49 (1.38, 1.60) 1.65 (1.56, 1.76)
SABA prescriptions
0 1.25(1.23,1.27) 1.42 (1.40, 1.45) 1.46 (1.44,1.48)
1-2 1.21(1.19,1.23) 1.37(1.34,1.39) 1.43 (1.40, 1.45)
3-11 1.18(1.17,1.20) 1.34(1.32,1.36) 1.44 (1.42,1.46)
=12 1.08(1.03,1.13) 1.41(1.35,1.48) 1.45(1.40, 1.51)

HR were calculated using Cox regression analysis, adjusted for age, gender, body mass index, smoking
and time-varying OCS prescriptions; HR=1 for non-OCS patients.

*Patients who received all OCS prescriptions with a gap of =90 days.

tPatients who received at least some OCS prescriptions with a gap of <90days, allowing for other
prescription gaps to be =90 days.

GINA, The Global Initiative for Asthma; ICS, inhaled corticosteroid; OCS, oral corticosteroid; SABA,
short-acting B, agonist.

Across all patterns of intermittent OCS prescriptions, in the
12 months prior to initial OCS prescriptions, patients were most
commonly receiving 1-2 SABA fills and <3 ICS fills. The propor-
tion of patients receiving>3 SABA and>4 ICS fills at baseline in-
creased with increasingly frequent patterns of OCS prescription
(table 1).

Intermittent OCS prescribing patterns and risk of 0CS-related
adverse outcomes

The overall analysis of the association between patterns of inter-
mittent OCS prescriptions and any OCS-related adverse outcomes
included 231 196 patients, due to the exclusion of those with pre-
valent conditions. Compared with non-OCS patients, the risk of
experiencing any adverse outcomes was elevated for one-off OCS
and increased with increasing frequent pattern of intermittent
OCS prescribing. The HR (95% CI) of experiencing any adverse
outcomes versus non-OCS patients was 1.19 (1.18 to 1.20) for one-
off OCS, 1.35 (1.34 to 1.36) for less frequent OCS and 1.42 (1.42 to
1.43) for frequent pattern of OCS prescriptions.

Similar to the risk of any OCS-related adverse outcomes, the risk
of all individual OCS-related adverse outcomes except behavioural
disorders, renal impairment and peptic ulcer was already detect-
able in one-oft OCS, and increased with increasingly frequent pat-
terns of intermittent OCS prescriptions (figure 2). The highest risk
(HR>2) of OCS-related individual adverse outcomes with increas-
ingly frequent OCS prescribing were for pneumonia and sleep
apnoea (figure 2). Kaplan-Meier curves for the relation between
patterns of intermittent OCS prescriptions and individual adverse
outcomes are shown in online supplemental figure S2.

The association between patterns of intermittent OCS prescrip-
tion and risk of OCS-related adverse outcomes remained consis-
tent when stratified by age, GINA treatment step and ICS or SABA
prescriptions (table 2).

When examining the dose-response relation between annual
cumulative OCS exposure and risk of adverse outcomes, the risk
increased in a dose-response fashion with greater annual cumula-
tive OCS dose. Importantly, compared with the non-OCS group,
risks started to increase at 0.5-1.0 g for all adverse outcomes ex-
cept dyslipidaemia, with modest increases for hypertension and
renal impairment (figure 3).

DISCUSSION

In this historical UK cohort study of patients with asthma, we
found that almost a third of the patients with intermittent OCS use
had a frequent pattern of use (ie, more than one prescription with
less than 90-day gaps) at some point during the follow-up period.
In those patients with intermittent-only OCS use, compared with
matched individuals who were non-users of OCS, the risk of experi-
encing any OCS-related adverse outcomes increased with increas-
ing frequent pattern of intermittent OCS prescriptions for most
adverse outcomes studied, particularly pneumonia and sleep ap-
noea. The elevated risk of adverse outcomes was observed even for
patients with one-off OCS prescriptions. The association between
patterns of intermittent OCS prescriptions and risk of OCS-re-
lated adverse outcomes was relatively consistent across age cate-
gories, GINA treatment steps and prior asthma medication use.

To our knowledge, this study is the largest (with almost half a
million patients), has the longest patient follow-up (34 years, with
amedian study period of over 25 years (pre-first and post-first OCS
exposure)) and is the most definitive study yet to identify intermit-
tent OCS use and assess the association of patterns of intermittent
OCS use with risk of developing OCS-related adverse outcomes.
Our study overcame the issues associated with mixed reporting of
long-term and intermittent OCS prescriptions and related adverse
outcomes by focusing exclusively on intermittent-only OCS pre-
scriptions?; it also fills a need for a longitudinal study using objec-
tive methods to collect data on intermittent OCS-related adverse
outcomes, increasing the specificity of the findings by minimising
the risk of bias.?

Despite the extensive research on adverse outcomes associated
with OCS, the use of OCS remains widespread® and recommend-
ed in certain instances.! > Our finding that increasingly frequent
patterns of intermittent OCS prescription were associated with an
increased risk for adverse outcomes is consistent with previous stu-
dies reporting a high risk of corticosteroid-related adverse out-
comes with OCS prescriptions,' > and with studies in adult pa-
tients with severe asthma, showing that long-term high-dose use of
OCS (defined as >10 mg/day) resulted in a higher risk of developing
OCS-related complications than medium OCS use (defined as 5-10
mg/day), when both were compared with low OCS use (defined as
<5 mg/day) and non-OCS patients."” " The fact that the risk of an
OCS-related AO was highest for pneumonia in our study is not un-
expected, as this is one of the most well-recognised adverse effects of
even short-term OCS use.®'! * The elevated risk of sleep apnoea was
more surprising, as this is not as commonly associated with OCS
use. However, a link with sleep apnoea has previously been shown
in patients with severe asthma receiving SCS* and in patients with
difficult-to- control asthma receiving long-term or frequent bursts
of OCS,* as well as in a broader population of patients with active
asthma of all severities receiving SCS.!! Furthermore, as our analysis
was adjusted for BMI, our findings suggest that the association with
OCS use may be independent of obesity—one of the best-known
risk factors for sleep apnoea® and also a common adverse effect of
OCS use’—and is instead likely mediated by other mechanisms.
Possible explanations include fat deposition in the upper airway or
airway dilator muscle myopathy, as has been suggested for ICS,**** or
an increase in airway collapsibility.*®

Our results demonstrating increased risks with even a one-oft
OCS prescription are also supported by previous research showing
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Figure 3  HR (95% Cl) for each adverse outcome by overall, cumulative OCS exposures, compared with the reference category of non-OCS patients

in UK patients with asthma. OCS, oral corticosteroid.

that short bursts of OCS can be associated with certain adverse
outcomes and that each OCS prescription contributes to a cumu-
lative burden, regardless of the dose and duration.’ Given that the
median cumulative OCS dose is higher in this study in patients
with a frequent pattern of prescription than the less frequent and
one-off patterns, there may be correlation between frequent pat-
terns of intermittent prescriptions and total exposure. This obser-
vation gives physicians another tool to gauge the risk of adverse
outcomes in their patients, that is, future risk is higher if patients
have received OCS with smaller gaps between prescriptions. Our
finding that risks started to increase at dose levels of 0.5-1.0 g also
confirms the importance of minimising total exposure, and the
reasons behind persistent prescribing of OCS should be further
investigated. Therefore, all patients, including those with mild
disease and/or receiving regular ICS and SABA treatment, could
potentially benefit from being monitored for frequent patterns of
OCS prescription.

Our results also showed that over 30% of patients with intermit-
tent-only OCS prescriptions had >3 SABA fills in the 12-month
baseline period, and those with a more frequent pattern of inter-
mittent OCS prescriptions had more prescriptions for SABA. It has
been previously shown that increased SABA exposure is associated
with severe exacerbation risk,* which is reflected in this study with
more frequent pattern of intermittent OCS use among patients with
a higher number of SABA prescriptions. This supports the move
away from SABA-only treatment at GINA step 1. Similarly to the
findings for SABA prescriptions, more ICS prescriptions were also
observed in those with a more frequent pattern of OCS prescription,
although the number of ICS prescriptions was low. On that note,
the fact that 40% of the OCS cohort had no ICS prescriptions dur-
ing the 12-month baseline period suggests that some patients might
have received their first OCS prescriptions at the same time as their
first attendance in primary care with asthma, and there might also
be a population of patients with asthma who are underusing ICS. It
is worth noting the population in this study generally had milder
disease as a result of the exclusion of long-term OCS use.

This study had several strengths including the use of an algo-
rithm that exclusively included patients on intermittent OCS and
took a longitudinal view on the patterns of intermittent OCS use,
resulting in a highly specific representation of patients receiving
intermittent OCS only. Furthermore, the real-world design of this
study allows for generalisation of the results to patients managed
in all healthcare settings. Using two well-established databases
(OPCRD and CPRD) with large size and high data quality and
granularity allowed us to study the association between intermit-
tent OCS prescriptions and associated risk of multiple different
adverse outcomes.

Limitations of the study included the fact that, despite using a
sophisticated algorithm that was reviewed by experts familiar with

the clinical implications of our study, some of the intermittent
and long-term OCS prescriptions might have been misclassified,
thereby underestimating the strengths of the effect estimates. The
validity and completeness of individual patient records could not
be assessed because the datasets represent information collected
for clinical and routine use rather than specifically for research
purposes. As a result, there were some missing data, especially
for BMI and smoking status, which could potentially affect how
confounding by these factors is adjusted for. Furthermore, since
the multivariable Cox proportional hazard model was not ad-
justed for obesity but for BMI, with some missing values, there
could have been some residual confounding. Although our study
included patients of all ages, the only children-specific and ado-
lescent-specific adverse outcomes to be analysed were behavioural
disorders (including diagnoses of distress, agitation, nervousness,
emotional problems, irritability and abnormal behaviour). Such
diagnoses are difficult to capture and of varying origin, hence a
possible reason for not detecting associations with this outcome.
However, analysis of all adverse outcomes stratified by the different
age categories also showed an increased risk with higher frequency
of prescribing patterns of intermittent OCS for the youngest pa-
tients. In patients with one-oft OCS use, there could be additional
bursts that were not captured, which might explain the associa-
tion detected between one-off OCS prescription and developing
adverse outcomes. In the context of a chest infection, prescription
of prednisolone alongside antibiotics in a patient with asthma,
coupled with the potential for mislabelling of a chest infection as
pneumonia, may have contributed to an association between the
two. Lastly, OCS prescriptions may not be directly linked to OCS
use, as there is no guarantee that patients used the prescriptions
that they received.

CONCLUSIONS

In conclusion, our study found that a considerable proportion of
patients with asthma who are prescribed OCS intermittently have
a frequent pattern of use at some point. Increasingly frequent
prescribing patterns of intermittent OCS were associated with

a higher risk of individual OCS-related

adverse outcomes, and

this association remained consistent across levels of age, GINA
treatment step and ICS maintenance and SABA reliever use. The
increase in risk occurred early, even with one-off

prescriptions

and with doses as low as 0.5-1.0 g. Our results suggest that the
use of OCS, even intermittently, in the management of asthma
should be minimised whenever possible.
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Riltrava Aerosphere 5 microgramas/7,2 microgramas/160 microgramas, suspenséo pressurizada para inalagdo. Cada dose Unica (dose libertada que sai do aplicador bucal) contém 5
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também ser utilizado na dose recomendada em doentes com compromisso renal grave ou com doenca renal em fase terminal com necessidade de didlise, apenas se o beneficio esperado for
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utilizado na dose recomendada em doentes com compromisso hepatico grave, o0 medicamento deve ser utilizado apenas se o beneficio esperado for superior ao risco potencial. Populagéo
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continuar em risco de compromisso da fungao suprarrenal durante um periodo de tempo consideravel. Os doentes que necessitam de terapéutica com doses elevadas de corticosteroides ou
tratamento prolongado com a dose mais elevada recomendada de corticosteroides inalados, podem estar igualmente em risco. Estes doentes podem apresentar sinais e sintomas de
insuficiéncia suprarrenal quando expostos a stress grave. Deve ser considerada cobertura adicional com corticosteroides sistémicos durante periodos de stress ou cirurgia eletiva. Pneumonia
em doentes com DPOC: Tem sido observado um aumento na incidéncia de pneumonia, incluindo pneumonia que requer hospitalizagao, nos doentes com DPOC a receberem corticosteroides
inalados. Existe alguma evidéncia de risco aumentado de pneumonia com o aumento da dose de esteroide, ndo tendo sido demonstrado de forma conclusiva nos diversos estudos. Néo existe
evidéncia clinica conclusiva para diferencas dentro da mesma classe na magnitude do risco de pneumonia entre os medicamentos contendo corticosteroides inalados. Os médicos devem
continuar alerta para o possivel desenvolvimento de pneumonia em doentes com DPOC pois as caracteristicas clinicas de tais infe¢des sobrepdem-se aos sintomas das exacerbagdes da DPOC.
Os fatores de risco para pneumonia em doentes com DPOC incluem tabagismo atual, idade avangada, IMC baixo e DPOC grave. Hipocaliemia: A hipocaliemia potencialmente grave pode resultar
da terapéutica com agonistas-,. Estes tém o potencial de produzir acontecimentos cardiovasculares adversos. Recomenda-se precaucéo especial na DPOC grave, pois esse efeito pode ser
potencializado pela hipoxia. A h|poca||em|a também pode ser potencializada pelo tratamento concomitante com outros medicamentos que podem induzir hipocaliemia, tais como derivados de
xantinas, esteroides e diuréticos. Hiperglicemia: A inalacéo de doses elevadas de agonistas B,-adrenérgicos pode provocar o aumento da glucose plasmética. A glicemia deve ser monitorizada
durante o tratamento de acordo com as orlentagoes estabelecidas para doentes com diabetes. Condicdes coexistentes: Este medicamento dever ser utilizado com precaugdo em doentes com
tirotoxicose. Atividade anticolinérgica: Devido a sua atividade anticolinérgica, este medicamento deve ser utilizado com precaucéo em doentes com hiperplasia da prostata sintomatica, retengao
urinaria ou glaucoma de angulo fechado. Os doentes devem ser informados sobre os sinais e sintomas do glaucoma de angulo fechado e devem ser informados para interromper a utilizagao
deste medicamento e contactarem o seu médico imediatamente, caso algum destes sinais ou sintomas se desenvolvam. N&o é recomendada a administragéo concomitante deste medicamento
com outros medicamentos contendo anticolinérgicos. Compromisso renal: Como o glicopirrénio é excretado predominantemente por via renal, os doentes com compromisso renal grave
(depuragéo de creatinina <30 ml/min), incluindo aqueles com doenca renal em fase terminal com necessidade de dilise, apenas devem ser tratados com este medicamento se o beneficio
esperado superar o risco potencial. Compromisso hepatico: Em doentes com compromisso hepatico grave, este medicamento s6 deve ser utilizado se o beneficio esperado superar o risco
potencial. Estes doentes devem ser monitorizados para potenciais reagdes adversas. Interagées medicamentosas e outras formas de interacao: Interacoes farmacocinéticas: Prevé-se que
o tratamento em associagao com inibidores potentes do CYP3A, por exemplo itraconazol, cetoconazol, inibidores de protéase do VIH e medicamentos que contém cobicistate, aumente o risco
de efeitos indesejaveis sistémicos, e deve ser evitado, a ndo ser que o beneficio seja superior ao risco aumentado de reacoes adversas aos corticosteroides sistémicos, nesse caso os doentes
devem ser monitorizados para reacbes adversas aos corticosteroides sistémicos. Este facto é de relevancia clinica limitada em tratamentos de curta duracdo (1-2 semanas). Como 0
glicopirrénio é eliminado principalmente por via renal, podem ocorrer potencialmente interagbes medicamentosas com medicamentos que afetam os mecanismos de excrecéo renal. Interacdes
farmacodinamicas: Outros antimuscarinicos e simpaticamiméticos A administragao concomitante deste medicamento com outros medicamentos contendo anticolinérgicos e/ou agonistas B
,-adrenérgicos de longa duragéo de agdo néo foi estudada e ndo é recomendada uma vez que podera potenciar as reagoes adversas conhecidas dos antagomstas muscarinicos ou dos
agonlstas Bz adrenérgicos inalados. A utlllzagao concomitante de outros medicamentos beta-adrenérgicos pode ter efeitos potencialmente aditivos; portanto é necessario precaugao quando
outros medicamentos beta-adrenérgicos séo prescritos concomitantemente com formoterol. Hipocaliemia induzida por medicamentos: A hipocaliemia pode aumentar a disposicéo para
arritmias em doentes que sdo tratados com glicosideos digitalicos. Blogueadores 3-adrenérgicos: Os bloqueadores [3-adrenérgicos (incluindo colirios) podem atenuar ou inibir o efeito do
formoterol. 0 uso simultdneo de bloqueadores B-adrenérgicos deve ser evitado, a ndo ser que o beneficio esperado ultrapasse o risco potencial. Se forem necessarios bloqueadores
{3-adrenérgicos, da-se preferéncia a bloqueadores (-adrenérgicos cardiosseletivos. Outras interagoes farmacodindmicas. O tratamento concomitante com quinidina, disopiramida,
procainamida, anti-histaminicos, inibidores da monoamina oxidase, antidepressivos triciclicos e fenotiazinas pode prolongar o intervalo QT e aumentar o risco de arritmias ventriculares. Além
disso, L-dopa, L-tirosina, oxitocina e alcool podem prejudicar a tolerancia cardiaca aos beta2-simpaticomiméticos. 0 tratamento concomitante com inibidores da monoamina oxidase, incluindo
medicamentos com propriedades semelhantes como furazolidona e procarbazina, pode dar origem a reagdes hipertensivas. Existe um risco elevado de arritmias em doentes a receberem
anestesia concomitante com hidrocarbonetos halogenados. Fertilidade, gravidez e aleitamento: A administracdo deste medicamento a mulheres gravidas s6 deve ser considerada se o
beneficio esperado para a mée justificar o potencial risco para o feto. A administragéo deste medicamento a mulheres que estdo a amamentar so deve ser considerada se 0 beneficio esperado
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Obstrucao cronica ao fluxo de ar atribuivel a
pobreza no estudo multinacional Burden of
Obstructive Lung Disease (BOLD)
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RESUMO

A pobreza estd fortemente associada a mortalidade por
todas as causas e a doenca pulmonar obstrutiva cronica
(DPOC). Pouco se sabe sobre a contribuicao da pobreza
para a obstrucdo crénica ao fluxo de ar (CAO, do inglés
Chronic Airflow Obstruction) - uma carateristica funda-
mental da DPOC. Utilizando dados transversais de um
questionario baseado em bens para determinar a pobreza
em 21 locais do estudo Burden of Obstructive Lung
Disease, estimamos o risco de CAO atribuivel a pobreza.
Até 6% da populagdo com mais de 40 anos apresen-
tava CAO atribuivel a pobreza. Compreender a relagdo
entre pobreza e a CAO pode sugerir formas de melhorar
a saude pulmonar, especialmente em paises de baixos e
médios rendimentos.

INTRODUCTION

Poverty is an important risk factor for chronic
obstructive pulmonary disease (COPD) preva-
lence and mortality, particularly in low-incom and
middle-income countries (LMICs).! In a previous
report of 12 Burden of Obstructive Lung Disease
(BOLD) study sites, we found that this associa-
tion is also true between spirometrically defined
post-bronchodilator chronic airflow obstruction
(CAO) and individual wealth defined from house-
hold assets.” Here, we extend the investigation of
the association between CAO and poverty to 21
BOLD sites and assess the population impact of
poverty on CAO using site-specific population
attributable risk (PAR) estimates.

METHODS

Data on ownership of household assets were
collected from 14 611 adults (240 years) from 21
sites of the population-based BOLD study, between
March 2010 and December 2016 (online supple-
mental table SI). We calculated a wealth score
(0-10) based on household assets to estimate each
participant’s household wealth (online supple-
mental methods figure S1). We defined poverty as
a wealth score <7.> We assessed the association of
poverty with the forced expiratory volume in one
second (FEV ) to forced vital capacity (FVC) ratio
and with CAO (FEV,/FVC<lower limit of normal
(LLN)).* We used a Bayesian hierarchical model
to account for the multi-level structure of the data
(online supplemental methods).> Identification
of potential confounders was based on previous
findings and graphically represented in directed
acyclic diagrams prior to analysis (online supple-
mental methods). We adjusted for age and sex in
the analysis of FEV /FVC (model 1, online supple-
mental figure S2a), but not in the analysis of CAO,

as age and sex are already accounted for by the LLN.
We did not adjust for other risk factors in the main
analysis as these were most likely on the causal
pathway between poverty and CAO. However, in
secondary analyses, we further adjusted for educa-
tion (model 2, online supplemental figure S2b), and
for smoking pack-years, exposure to a dusty job,
passive smoking, body mass index (BMI), child-
hood hospitalisation due to respiratory infection,
family history of respiratory disease and history of
tuberculosis (model 3, online supplemental figure
S2c). These analyses were repeated using wealth
score as a continuous measure.

We estimated the site-specific PAR of CAO
attributable to poverty in all sites, except for Saudi
Arabia (Riyadh), where the prevalence of poverty
was 0. PAR estimates are reported with a 95% credi-
ble interval (95% CrI).

RESULTS

The pleural effusion segmentation model (M1) is
a cascaded two-step deep-learning model (figure
1A). The initial input patterns was negligible.

DISCUSSION

CAO prevalence ranged from 3.1% in Saudi Arabia
(Riyadh) to 16.4% in India (Kashmir) (online
supplemental table S2). The mean wealth score was
6.3, ranging from just below 1 in Malawi (Chik-
wawa) to almost 10 in Saudi Arabia (Riyadh). The
overall prevalence of poverty was 55%, with almost
100% in Malawi (Chikwawa). The prevalence of
poverty was consistently high in LMICs (online
supplemental table S2).

Per each unit increase in wealth score, the FEV /
FVC increases by 0.30% (95% Crl 0.19% to 0.41%)
and the risk of CAO is reduced by 11% (relative
risk (RR)=0.89; 95% CrI 0.86 to 0.92) (table 1,
main model). Using wealth score as a binary vari-
able to define poverty, poorer individuals had on
average 1.19% lower FEV /FVC (95% Crl —-1.61%
to —0.77%) and 57% greater risk of CAO (RR=1.57;
95% Crl 1.32 to 1.87), compared with wealthier
individuals (table 1). In the secondary analysis,
further adjusting for education (table 1, model 2)
and for all other considered potential confounders
(online supplemental table S3, model 3) did not
change the association of wealth score or poverty
with either FEV /FVC or CAO. There was no
substantial heterogeneity across sites in the associ-
ations of wealth score or poverty with either FEV /
FVC or CAO (online supplemental figures S3—S6).

The highest PAR for CAO due to poverty was
in India (Kashmir) (PAR=6.1%; 95% Crl 3.65%

BM)
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Table 1 Association of wealth score and poverty with FEV,/FVC (%) and chronic airflow obstruction (CAO)

FEV,/FVC (%) CAO (FEV,/FVC<LLN)
Outcome variable Model 1 (main model) Model 2 Model 1 (main model) Model 2
Variable Coeff. (95% Crl) Coeff. (95% Crl) RR (95% Crl) RR (95% Crl)
Wealth score 0.30 (0.19 t0 0.41) 0.26 (0.16 to 0.36) 0.89 (0.86 t0 0.92) 0.93 (0.89 to 0.96)

Poverty -1.19 (-1.61 to -0.77)

-1.03 (-1.42 t0 -0.63)

1.57 (1.32 10 1.87) 1.34(1.12t0 1.61)

Wealth score: calculated from ownership of a range of assets. Poverty: defined as a wealth score <7 . Model 1 (main model) accounts for age and sex. Model 2 accounts for age,

sex and education (education: the highest level of education completed).

CAQ, chronic airflow obstruction; 95% Crl, 95% credible interval; FEV,, forced expiratory volume in one second; FVC, forced vital capacity; LLN, lower limit of normal.

to 8.59%) and the lowest in Malaysia (Penang) (PAR=0.16%, 95%
CrI 0.03% to 0.41%) (model 1, online supplemental table S4). PAR
estimates were inversely related to the wealth score (figure 1). The
PAR results from models 2 and 3 are reported in online supple-
mental figure S7.

DISCUSSION

We have confirmed the association between poverty and CAO pre-
viously found in a subset of our BOLD study,” and we have shown
that up to 6% of the population have CAO attributable to poverty.

Our results are consistent with findings reported by Grigsby et
al using data from LMICs, where they used monthly household
income as a proxy measure for poverty.® Raju et al have also ob-
served an association between self-reported COPD and household
income in the USA.” Previous findings of the BOLD study suggest
that poor education, an indicator of socioeconomic deprivation,
is the second most important risk factor for CAO after smoking.®
Using ecological data from the Global Burden of Disease study,
we have previously reported a strong association between COPD
mortality and poverty defined by Gross National Income per ca-
pita.?

The reduction in the RR observed in our secondary analyses
adjusting for education and, subsequently, for other risk factors,
including low BM], is possibly due to the mediating effect of these
factors, with adjustment for them leading to the underestimation
of the impact of poverty on CAO.

The association between poverty and CAO could be due to
limited access to healthcare services, poor nutrition, altered foe-
tal programming during gestation, low birth weight, poor living
conditions, overcrowding and water supply/sanitation for poorer
people, particularly in LMICs.’

We did not adjust for solid fuel use because this was not associat-
ed with CAO in the BOLD study.10 Although meta-analyses have
been interpreted as showing an association between airflow ob-
struction and solid fuel use, including for instance that of Smith et
al,"! they show very high heterogeneity across studies (I> between
67% and 98%) and strong evidence of publication bias, thus not
supporting a causal association.

One of the strengths of BOLD is the use of a standardised proto-
col across study sites. Spirometry was performed post-bronchodi-
lator, and its quality was assured with rigorous training and regular
checks of all lung function curves.

Poverty is not a one-dimensional concept and understanding
the nature of its relationship with CAO requires further investiga-
tion. The observed reduction of RR when adjusting for education
suggests that education may partly mediate the effects of poverty
on lung health. Nevertheless, the association with poverty is clear
and suggests that poverty reduction itself is still important.
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Efeitos toxicos e de dependéncia da nicotina
em criancas e adolescentes: estamos a
caminhar inconscientemente para uma
catastrofe de satide publica?

Jonathan Coutts," Ross John

Livingston FC, uma equipa do meio da tabela
da primeira divisdo escocesa, anunciou um
novo acordo de patrocinio. Este facto pode
parecer de pouco interesse para os pediatras
do Reino Unido, mas trata-se da mais recente
relacio comercial entre o desporto e a in-
dustria do vaping. O Reino Unido trabalhou
arduamente para reduzir a exposi¢io das
criangas ao tabaco de combustdo e aos seus
subprodutos toxicos, como a nicotina. Desde
a década de 1960, o consumo de cigarros na
adolescéncia tem vindo a diminuir constan-
temente através de uma campanha que cha-
ma a atengdo para os efeitos negativos para
a saude, proibindo a publicidade, o consumo
em espacos publicos, aumentando a idade le-
gal e limitando o acesso as lojas. O aumento
alarmante, de 3% para 43%, do nimero de ado-
lescentes que usam cigarros eletronicos/va-
ping (2011-2018) inverteu efetivamente grande
parte deste trabalho para eliminar a exposi¢do
a nicotina e a dependéncia. No Reino Unido,
a abordagem e a atual legislacdo relativas aos
produtos de vaping baseiam-se no pressupos-
to de que sdo mais seguros do que o tabaco de
combustdo e oferecem redugio de danos aos
toxicodependentes. Neste artigo, defendemos
aaplicagdo de uma legislagao semelhante a que
se aplica a outros dispositivos de libertagdo de
nicotina aos produtos de vaping, devido as
preocupagdes com o seu perfil de seguranca e
aos potenciais danos para as criangas antes e
depois do nascimento.

TODA A GENTE SABE QUE O VAPING E
SEGURO, CERTO?

Nutt et al referiram que os cigarros eletréni-
os 530 “95% mais seguros” do que os cigarros
normais, o que ¢ frequentemente citado em
documentos governamentais e nos principais
meios de comunicagio social.! Esta conclusdo
dramitica ndo se baseou numa andlise cienti-
fica das evidéncias publicadas, mas na partici-
pagdo de 12 pessoas convidadas num processo
Delphi. Duas delas tinham ligagdes financei-
ras com a industria de vaping (ndo declarada
por uma das pessoas) e, em vez de restringir
0 processo as preocupagdes com a saide cau-
sadas pelos diferentes sistemas de nicotina, os
“danos” comparados inclufam o contrabando,
a desflorestagdo, a redugio das terras araveis e
a perturbacio da coesdo social. A sua prépria
conclusdo refere que “uma limitagdo deste
estudo ¢ a falta de dados concretos sobre os
danos causados pela maioria dos produtos na
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maioria dos critérios” Apesar da falta de rigor
cientifico e da possivel contaminagio das suas
recomendacdes pelos interesses comerciais, a
mensagem “95% mais seguro” continua a ser
referenciada em documentos aprovados por
organizagdes profissionais, como um relatdrio
da Public Health England de 2015 e o docu-
mento do Royal College of Physicians (RCP) de
2016 “Nicotine without smoke”?

Concordamos que os cigarros eletronicos
ndo contém alguns produtos quimicos téxicos
que sdo inalados com os cigarros tradicionais,
mas a maioria dos produtos contém nicotina,
muitas vezes em niveis alarmantemente eleva-
dos. A nicotina ¢ altamente viciante e, apesar
da opinido contraria partilhada por alguns
profissionais de satide, nio é inofensiva.

OS EFEITOS NOCIVOS DA NICOTINA NO FETO
Os efeitos nocivos do tabagismo materno so-
bre o feto em desenvolvimento encontram-se
bem descritos. Tornou-se claro que as con-
sequéncias adversas do tabagismo materno
devem-se, em parte, a toxicidade da nico-
tina.’ A investigagdo sobre fetos humanos ex-
postos a produtos de nicotina do tabaco nio
combustivel, como o rapé, animais expostos
apenas a nicotina e a investigacdo bioldgica
sobre os efeitos celulares da nicotina revelam
resultados que vdo desde uma diminui¢io de
crescimento, um desenvolvimento pulmonar
e cerebral fetal comprometido e um possivel
aumento da sindrome de morte subita infan-
til. Os servigos de maternidade disponibili-
zam recursos anti-tabagismo para que as mées
possam reduzir ou deixar de fumar, mas uma
mie preocupada pode ser influenciada pela
mensagem “95% seguro’ e mudar simples-
mente para os cigarros eletronicos durante a
gravidez, ndo conseguindo reduzir os efeitos
toxicos para o feto decorrentes da exposigio
continua a nicotina.

LESOES PULMONARES AGUDAS E DE LON-
GA DURACAO

A lesdo pulmonar associada a utilizagdo de
cigarros eletronicos ou vaping (do inglés: EVA-
LI: E-cigarette, or vaping, product use-associat-
ed lung injury) é uma sindrome caracte-rizada
por uma reagdo inflamatoria intensa que re-
sulta em insuficiéncia respiratoria. Os estudos
epidemioldgicos e de toxicidade sdo claros
quanto ao facto de os cigarros eletronicos
provocarem danos significativos para a saude
pulmonar a curto prazo. Os dados dos Cen-
tros de Controlo e Prevenciao de Doengas rev-
elam que, até a data, foram hospitalizados 2558
doentes com EVALI nio fatal e 60 doentes com
um desfecho fatal.* Embora seja verdade que a
maioria das fatalidades foi associada a liquidos
com tetrahidrocanabinol, cerca de um terco
eram produtos que continham apenas nicoti-

na. Estdo a ser recolhidos cada vez mais dados
longitudinais que demonstram consequéncias
alongo prazo para a saude. Foram necessérios
quase 50 anos para que o mundo da medici-
na se apercebesse, ou reconhecesse, a relagio
entre o tabagismo e a doen¢a pulmonar ob-
strutiva crénica/cancro do pulmao, pelo que
devemos proceder com cautela. Os estudos
ja demonstraram que o vaping pode causar
inflamagdo pulmonar, stresse oxidativo que
conduz a danos epiteliais e necrose, hiper-re-
actividade das vias respiratorias e alteragio das
defesas do hospedeiro.

ADOLESCENTES E COMPORTAMENTO EM
RELACAO AO VAPING

O cérebro do adolescente ¢ um 6rgio em de-
senvolvimento e, por conseguinte, vulneravel
as toxinas.” A exposi¢ao a nicotina pode ter
consequéncias a longo prazo, incluindo um
efeito inibitério sobre a conetividade neu-
ronal (que ocorre rapidamente durante a ad-
olescéncia), o que conduz a uma diminuigao
da memoria e da atengdo. Os adolescentes
sd0 mais vulnerdveis ao desenvolvimento da
dependéncia, especialmente da nicotina, e a
abstinéncia pode aumentar a morbilidade psi-
coldgica e psiquidtrica neste grupo vulneravel.
A exposi¢do a nicotina pode estar associada
a taxas mais elevadas de consumo abusivo de
outras substincias, como o candbis e o dlcool.

QUANTAS CRIANCAS PRATICAM VAPING E
QUAIS 0S PRODUTOS QUE CONSOMEM?
Desde 2014, os cigarros eletronicos tém sido o
tipo de produto de nicotina mais popular uti-
lizado pelos adolescentes nos EUA.® Em 2018,
43% dos estudantes do ensino secundario tin-
ham experimentado vaping, quase mais 20%
comparativamente aos cigarros tradicionais.
Embora a maioria afirme utilizar e-liquidos
que contém apenas aromas, 99% dos e-liqui-
dos vendidos contém nicotina. Cerca de
um ter¢o dos jovens utilizadores de cigarros
eletronicos modificaram os seus disposi-
tivos para vaporizar 6leos potentes a base de
candbis. E também evidente que os vapores
emitidos ndo sdo benignos, como muitos refe-
rem, uma vez que contém metais pesados e
substincias cancerigenas, embora com um
nivel inferior ao dos produtos do tabaco de
combustio.

CONSEQUENCIAS INDESEJADAS

O conceito inicial dos cigarros eletronicos,
como ajuda a cessa¢do do tabagismo para
adultos que consomem cigarros ha muito tem-
po, evoluiu rapidamente para o mercado dire-
cionado para os jovens, sendo o vaping atu-
almente trés vezes mais comum nos adoles-
centes do que nos adultos mais velhos. A ideia
de que estes produtos sdo atualmente comer-
cializados como dispositivos médicos destina-
dos a por termo a dependéncia da nicotina é
completamente errada. Ao contrério dos pro-
dutos tradicionais do tabaco, cuja publicidade
¢ proibida, ha cada vez mais equipas desporti-
vas e estadios a serem patrocinados por em-
presas de vaping. O atual design e marketing
dos produtos vaping transformaram o consu-
mo de nicotina pelos jovens. A publi-cidade
agressiva nos meios de comunicacéo social, a
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baixa percecio de risco e os novos e apelativos
designs ajudam a alimentar o desejo de faz-
er parte da “‘comunidade vaping”. Parece que
todas as publicagdes sobre vaping, incluindo
o documento do RCP de 2016, apresentam
uma fotografia de uma pessoa jovem, muitas
vezes vestida de forma elegante e profission-
al, que aprecia claramente o produto. Nao hd
espago para uma ilustracio de um fumador
compulsivo idoso com DPOC a tentar reduzir
os danos causados por uma vida inteira a con-
sumir tabaco. A imagem da vida no “Planet
of the Vapes” é de tranquilidade e “cool’, mas
ignora-se a realidade da toxicidade desconhe-
cida e dos resultados a longo prazo.

QUAL O DEVER DOS PEDIATRAS?

As novas evidéncias de que o vaping é per-
igoso, de que os cigarros eletrénicos au-
mentaram o numero de jovens viciados em
nicotina e de que os jovens que utilizam
cigarros eletrénicos tém maior probabilidade
de fumar cigarros convencionais devem ser

motivo de grande alarme. Talvez o mais pre-
ocupante seja o facto de a dupla utilizagdo ser
comum, ainda mais prejudicial, e contrariar
a finalidade destes dispositivos como “ajuda
a cessagdo tabdgica’. Atualmente, a comuni-
dade médica estd a fazer o trabalho dos de-
partamentos de marketing das empresas de
vaping, ao minimizar os riscos para a saude e
promover a sua aceitagdo como a nova forma
de dispositivo de dependéncia da nicotina.
Propomos uma regulamenta¢do muito mais
rigorosa em matéria de venda e comercial-
izagdo de produtos de vaping, juntamente
com o desenvolvimento de uma mensagem
educativa, clinica e de saude publica eficaz e
clara que aborde esta nova epidemia de de-
pendéncia da nicotina em criangas e jovens.
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— Indacaterol, glicopirronio, furoato de mometasona

pé para inalagéo, capsulas

&
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LABA/LAMA/ICS
indicada na ASMA*
Dose fixa diaria’

Daritmo a vida

Para adultos com ASMA moderada a grave nao controlados adequadamente
com LABAI/ICS.!

1. Zimbus® Breezhaler®, Resumo das Caracteristicas do Medicamento, Ultima atualizagdo 12/11/2021. Disponivel em https:/www.ema.europa.eu/en/documents/product-information/zimbus-breezhaler-epar-product
-information_pt.pdf. Consultado a 12/01/2022. Terapéutica inalada, 1x/dia, combinagéo de dose-fixa de acetato de indacaterol, brometo de glicopirrénio e furoato de mometasona. Mistura de lactose
em po para inalagéo, doses Unicas, através do dispositivo BREEZHALER® que permite a confirmagéo de doses'. *Entende-se por ‘da ritmo a vida’ que o doente ao tomar Zimbus® Breezhaler® podera
obter melhorias de fungdo pulmonar, controlo de sintomas, qualidade de vida e redugdo de exacerbagbes vs terapéuticas padrdo. 2. Gessner C, et al. Fixed-dose combination of
indacaterol/glycopyrronium/mometasone furoate once-daily versus salmeterol/fluticasone twice-daily plus tiotropium once-daily in patients with uncontrolled asthma: A randomised, Phase lllb,
non-inferiority study (ARGON). Respir Med. 2020 Aug-Sep;170:106021. 3. Kerstjens HAM, et a/. Once-daily, single-inhaler mometasone-indacaterol-glycopyrronium versus mometasone-indacaterol
or twice-daily fluticasone-salmeterol in patients with inadequately controlled asthma (IRIDIUM): a randomised, double-blind, controlled phase 3 study. Lancet Respir Med. 2020 Oct;8(10):1000-1012.
4. EPAR: European public assessement report. https://www.ema.europa.eu/en/documents/assessment-report/zimbus-breezhaler-epar-public-assessment-report_en.pdf; consultado em 21/05/2021.
LABA: Agonista Beta2 de longa duragéo de acdo; LAMA: antagonista muscarinico de longa duragéo de agéo; ICS: corticosteroides inalados.

Zimbus Breezhaler 114 microgramas/46 microgramas/136 microgramas pé para inalagao, capsulas

NOTA: Antes de prescrever consulte o RCM do medicamento. APRESENTAGAO: P¢ para inalagéo, capsula (p6 para inalagio). Cada capsula contém 150 microgramas de indacaterol, 50 microgramas de glicopirronio e
160 microgramas de furoato de mometasona. Cada dose libertada (a dose libertada através do aplicador bocal do inalador) contém 114 microgramas de indacaterol (na forma de acetato), 8 microgramas de brometo de glicopirrénio
equivalente a 46 microgramas de glicopirrénio e 136 microgramas de furoato de mometasona. Excipiente(s) com efeito conhecido: Cada capsula contém 25 mg de lactose mono-hidratada. INDICAGOES: Zimbus Breezhaler esta
indicado como terapéutica de manuteng&o da asma em doentes adultos n&o controlados adequadamente com uma associagéo de um agonbta beta, de agéo prolongada e uma dose alta de corticosteroide inalado em regime de
manutencao que experimentaram uma ou mais exacerbacdes da asma no ano anterior. POSOLOGIA: Adultos: Adose recomendada € uma capsula inalada uma vez por dia. Adose méxima recomendada é de 114 ug/46 ug/136 ug
uma vez por dia. Doentes pediatricos (< 18 anos): Nao recomendado em doentes com menos de 18 anos de idade. Populagoes especiais: Populagao idosa: Nao é necessario ajuste de dose em doentes idosos (65 anos de
idade ou mais). Compromisso renal: Nao é necessario ajuste de dose em doentes com compromisso renal ligeiro a moderado. Deve ter-se precaugéo em doentes com compromisso renal grave ou doenga renal terminal que
necessitem de didlise. Compromisso hepatico: Nao é necessario ajuste de dose em doentes com compromisso hepatico ligeiro a moderado. Nao existem dados disponiveis sobre a utilizagdo deste medicamento em doentes
com compromisso hepatico grave, como tal deve ser utilizado nestes doentes apenas se o beneficio esperado superar o risco potencial. Modo de administragao: Apenas para utilizagéo por via inalatéria. As capsulas ndo podem
ser engolidas. Os doentes que néo sintam melhorias na sua respiragdo devem ser questionados se estdo a engolir o medicamento em vez de o inalar. As capsulas tém de ser administradas usando apenas o inalador Zimbus
Breezhaler. O tratamento deve ser administrado & mesma hora do dia todos os dias. Pode ser administrado independentemente da hora do dia. Apds a inalagéo, os doentes devem lavar a boca com agua sem engolir. Se for omitida
uma dose, esta deve ser tomada assim que possivel. Os doentes devem ser instruidos a ndo tomarem mais do que uma dose por dia. As capsulas de Zimbus Breezhaler devem ser sempre conservadas no blister para proteger
daluz e humidade, e s6 podem ser removidas do blister imediatamente antes da utilizagdo. CONTRAINDICAGOES: Hipersensibilidade as substancias ativas ou a qualquer um dos excipientes. ADVERTENCIAS/PRECAUGOES:
+ Asma Aguda: ndo deve ser utilizado para tratar sintomas agudos de asma, incluindo episddios agudos de broncospasmo, para os quais é necessario um broncodilatador de curta agéo. ¢ Hipersensibilidade: Se ocorrer uma
reacgdo de hipersensibilidade, Zimbus Breezhaler deve ser descontinuado imediatamente e devera ser instituida terapéutica alternativa. ¢ Broncospasmo paradoxal: Tal como com outra terapéutica inalatéria, a administragéo
deste medicamento pode resultar em broncospasmo paradoxal, o qual pode colocar a vida em risco. Se tal ocorrer, o tratamento deve ser interrompido imediatamente e devera ser instituida terapéutica altemativa. ¢ Efeitos
cardiovasculares: Tal como outros medicamentos contendo agonistas adrenérgicos beta,, este medicamento pode produzir um efeito cardiovascular clinicamente significativo em alguns doentes conforme avaliado através de
aumentos na frequéncia cardiaca, presséo arterial efou sintomas, alteragdes do electrocardiograma (ECG). Este medicamento deve ser usado com precaugdo em doentes com patologias cardiovasculares (doenga arterial
corondria, enfarte agudo do miocardio, arritmias cardiacas, hipertensao, suspeita ou confirmagao de prolongamento do intervalo QT, disttrbios convulsivos ou tirotoxicose e em doentes com resposta aumentada aos agonistas
adrenérgicos beta,. ¢ Hipocaliemia: Os agonistas adrenérgicos beta, podem causar uma hipocaliemia significativa em alguns doentes, o que potencialmente pode levar a reagdes adversas cardiovasculares. Em doentes com
asma grave, a hipocaliemia pode ser potenciada pela hipoxia e pela terapéutica concomitante, o que pode aumentar a suscetibilidade a arritmias cardiacas. ¢ Hiperglicemia: Ainalacdo de doses elevadas de agonistas adrenérgicos
beta, e corticosteroides pode produzir um aumento da glucose plasmatica. Nos doentes diabéticos, ao iniciar o tratamento, a glucose plasmatica deve ser monitorizada mais cuidadosamente.  Efeitos anticolinérgicos: Tal como
com outros medicamentos anticolinérgicos, este medicamento deve ser utilizado com precaugdo em doentes com glaucoma de angulo fechado ou reteng&o urinaria. ¢ Doentes com compromisso renal grave: Nos doentes com
compromisso renal grave (taxa de filtragao glomerular estimada inferior a 30 ml/min/1,73 m?), incluindo aqueles com doenga renal terminal que necessitam de didlise, deve ser utilizado apenas se o beneficio esperado for superior
ao risco potencial. ¢ Prevengao de infe¢oes orofaringeas: De modo a reduzir o risco de infegéo orofaringea por candida albicans, os doentes devem ser aconselhados a lavar a boca ou a gargarejar com agua, sem a engolir, ou
a lavar os dentes apds inalarem a dose prescrita. ¢ Efeitos sistémicos dos corticosteroides: Podem ocorrer efeitos sistémicos dos corticosteroides inalados, principalmente no caso de doses elevadas prescritas por periodos
prolongados. Os efeitos sistémicos possiveis podem incluir: sindrome de Cushing, manifestagdes Cushingdides, supresséo adrenal, atraso do crescimento em criangas e adolescentes, diminui¢do da densidade mineral dssea,
cataratas, glaucoma e, mais raramente, uma série de efeitos psicoldgicos ou comportamentais incluindo hiperatividade psicomotora, disturbios do sono, ansiedade, depresséo ou agressao (especialmente em criancas). Como tal,
é importante que a dose de corticosteroide inalado seja titulada para a dose mais baixa na qual o controlo efetivo da asma é mantido. Podem ser notificados disturbios visuais com o uso de corticosteroides sistémicos ou tépicos
(incluindo intranasais, inalados ou intraoculares). Doentes que apresentem sintomas como visdo turva ou outros distlirbios visuais, devem ser considerados para encaminhamento a um oftalmologista para avaliagéo de possiveis
causas dessas perturbacdes visuais, as quais podem incluir cataratas, glaucoma ou doengas raras como a corioretinopatia centra serosa (CRCS), que foram notificadas apds o uso de corticosteroides sistémicos ou topicos. Este
medicamento deve ser administrado com precaugdo em doentes com tuberculose pulmonar ou em doentes com infegdes crénicas ou nao tratadas. ¢ Gravidez: Este medicamento deve ser utilizado durante a gravidez apenas se
o beneficio esperado para o doente justificar o potencial risco para o feto. ¢ Amamentagéo: Tem que ser tomada uma deciséo sobre a descontinuagédo da amamentag&o ou a descontinuagéo/abstengéo da terapéutica, tendo em
conta o beneficio da amamentag&o para a crianca e o beneficio da terapéutica para a mulher. ¢ Trabalho de parto: Como outros medicamentos contendo agonistas adrenérgicos beta,, o indacaterol pode inibir o trabalho de parto
devido a um efeito relaxante no musculo liso uterino. INTERAGOES: ¢ Bloqueadores adrenérgicos beta: este medicamento ndo deve ser administrado com bloqueadores adrenerglcos beta (incluindo gotas para os olhos) a
menos que existam razées importantes para a sua utilizagéo ¢ Medicamentos conhecidos por prolongarem o intervalo QTc: este medicamento deve ser administrado com precaugao a doentes que estejam a ser tratados com
inibidores da monoamina oxidase, antidepressivos triciclicos ou medicamentos conhecidos por prolongar o intervalo QT. ¢ Tratamento hipocaliémico: O tratamento hipocaliémico concomitante com derivados da metilxantina,
esterdides ou diuréticos n&o poupadores de potassio pode potenciar o possivel efeito hipocaliémico dos agonistas adrenérgicos b eta,.  Interagéo com inibidores do CYP3A4 e da glicoproteina P: Ainibigo do CYP3A4 e da
glicoproteina P (gp-P) ndo tem impacto na seguranga de doses terapéuticas de Zimbus Breezhaler. ¢ Outros antimuscarinicos de agéo prolongada e agonistas adrenérgicos beta, de acéo prolongada: A coadministragéo
deste medicamento com outros medicamentos contendo antagonistas muscarinicos de agéo prolongada ou agonistas adrenérgicos beta, de agéo prolongada néo foi estudada e nao é recomendada. ¢ Cimetidina ou outros
inibidores do transporte de catides organicos: Nao é esperada qualquer interagdo medicamentosa clinicamente relevante. EFEITOS INDESEJAVEIS + Frequentes (21% a <10%) e potencialmente graves: hipersensibilidade.
+ Muito frequentes: asma (exacerbagéo), nasofaringite. ¢ Frequentes (21% a <10%): infe¢do do trato respiratdrio superior, candidiase, infecéo do trato urinario, cefaleia, taquicardia, dor orofaringea, tosse, disfonia, gastroenterite,
dor musculosquelética. espasmos musculares, pirexia. ¢ Pouco frequentes (20,1% a <1%): hiperglicemia, cataratas, boca seca, erupgao cutanea, prurido, distiria. Para mais informagdes, consultar o titular de autorizagéo de
introdug&o no mercado ou o representante local do titular de autorizagéo de introdugéo no mercado. Medicamento sujeito a receita médica. Escaldo de comparticipacao: Escaldo B. Titular da AIM: Novartis Europharm Limited.
Representante local: Laboratério Medinfar - Produtos Farmacéuticos, S.A. - Rua Henrique de Paiva Couceiro, N° 29, Venda Nova, 2700-451 Amadora Informagdes Essenciais Compativeis com o Resumo das Caracteristicas do
Medicamento (ZIM_RCM20210422_IEC_v2).
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