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Methods
Asthma characteristics and adverse asthma events

Current asthma was defined by the self-report of asthma symptoms or the use of asthma
treatment over the previous 12 months. Late-onset asthma was defined as a disease onset (i.e.
age at first asthma attack) after 40 years of age [E1]. COPD was defined by a positive answer
to “Did a doctor ever tell you that you had one of these COPD forms: chronic bronchitis,
emphysema, COPD (unspecified form)?”, a definition previously validated in a cohort of
health professionals in the United States [E2]. The term ACO was applied to women with
both self-report of asthma and COPD. Asthma treatment level was assessed from the MGEN
database (reimbursement drug database) according to the GINA (Global Initiative for
Asthma) 2016 classification [E3]: 1) Step 1, no asthma maintenance therapy (i.e. no daily use
of inhaled corticosteroids (ICS) and/or leukotriene receptor antagonists (LTRA) over the 12
months that preceded the Asthma-E3N questionnaire), 2) Step 2, low mean daily dose of ICS
or LTRA or xanthines alone, 3) Step 3, either a) low mean daily dose of ICS associated with
long-acting beta,-agonists or LTRA or theophylline or b) medium/high mean daily dose of

ICS, 4) Step 4, medium/high mean daily dose of ICS associated with long-acting beta,-



agonists or high mean daily dose of ICS associated with LTRA or theophylline, 5) Step 5,
add-on treatment. Steps 4 and 5 were grouped as high asthma maintenance therapy, and steps
2 and 3 as low asthma maintenance therapy. Oral corticosteroids were not included in this
classification because of their wide-range of indications, particularly in the elderly, as
tiotropium introduced in the GINA 2016 classification as add-on therapy for asthma with a

history of exacerbations.

Asthma control was assessed by the validated Asthma Control Test (ACT), a patient-based
tool relying on symptom frequency, rescue therapy use, sleep interference, activity limitation,
and self-rating of control over the previous month [E4]. Women were classified into
uncontrolled (ACT <19) and controlled asthma (ACT >19). Asthma attack was defined by a
positive answer to “Have you had an asthma attack over the previous 12 months?”. Asthma
exacerbation was defined by the report of asthma attacks lasting at least two days in the
previous 12 months. From the specific Asthma Quality of Life Questionnaire (AQLQ), which
covers four domains (“symptoms”, “activity limitation”, “emotional function”, and
susceptibility to “environmental exposure”) assessed over the previous two weeks, the total
AQLQ score was computed as the mean of all 32 questions (a lower score being associated

with a lower health-related quality of life) [E5].

Latent class analysis

Latent class analysis is a data-driven approach to identify asthma groups characterised by
specific multimorbidity-related medication profiles. It estimates two sets of parameters: i) the
conditional probabilities, which represent the probabilities of belonging to a cluster given
specific characteristics, and ii) the posterior probabilities of cluster membership for each
individual (derived from the conditional probabilities), which allow accounting for the

uncertainty in the cluster membership. The number of profiles was determined using the



Akaike information criterion and the Bayesian information criterion [E6]. Latent class
analysis was developed with: i) the 21 drug classes a priori linked to asthma-related
multimorbidity grouped in ten categories (i.e. R03 “drugs for obstructive airway diseases” for
respiratory diseases; R0O6 “antihistamines for systemic use” for allergy; A02 “drugs for acid
related disorders” for gastro-oesophageal reflux disease; RO1 “nasal preparations” for nasal
polyps and rhinosinusitis; NO5 “psycholeptics”, NO6A “antidepressants”, and NO6C
“psycholeptics and psychoanaleptics in combination” for psychological disorders; JOI
“antibacterials for systemic use”, J02 “antimycotics for systemic wuse”, J04
“antimycobacterials”, and JO5 “antivirals” for infections; G03 “sex hormones and modulators
of the genital system” for hormonal disorders; A10 “drugs used in diabetes” for diabetes; CO1
“cardiac therapy”, C02 “antihypertensives”, C03 “diuretics”, C04 “peripheral vasodilatators”,
C07 “beta blocking agents”, CO8 “calcium channel blockers”, and C09 “agents acting on the
renin-angiotensin system” for cardiovascular diseases; C10 “lipid modifying agents” for
dyslipidaemia which is included in metabolic syndrome), ii) drug classes linked with asthma
medications identified by the network graph among women with ever-asthma and iii) three
clinical and environmental factors which cannot be assessed by drug classes (body mass index

for obesity, sleep apnoea syndrome, and smoking status).

Multiple imputation

Multiple imputation was performed to handle missing data derived from the Asthma-E3N
questionnaire. The hypothesis of missing completely at random as missing data pattern was
refuted (p<0.0001). The rejection of this latter hypothesis and the low proportion of missing
data (10.3%) in our dataset allowed us to assume that missing data followed a missing at
random mechanism, and thus to use multiple imputation to handle missing data. We
conducted 20 imputations for model performance as recommended for dataset with 10% to

30% of missing information [E7].



Results

Table E1. Classification of the drug classes reimbursed in 1% or more of women with ever-

asthma from the Asthma-E3N study and comparison with women without asthma.

Women with ever-asthma  Women without asthma

Label (n=4,328) (n=13,130)
n (%) n (%)
NO02B  Other analgesics and antipyretics 3,126 (72.2) 8,995 (68.5)
MO1A  Antiinflammatory/antirheumatic products, non steroids 2,751 (63.6) 7,957 (60.6)
RO6A  Antihistamines for systemic use 2,280 (52.7) 3,805 (29.0)
A02B  Drugs for peptic ulcer and gastro-oesophageal reflux disease (GORD) 2,231 (51.5) 5475 (41.7)
JO7B  Viral vaccines 2,171 (50.2) 5,485 (41.8)
RO3A  Adrenergics, inhalants 2,169 (50.1) 786 (6.0)
HO2A  Corticosteroids for systemic use, plain 2,071 (47.9) 4,332 (33.0)
RO1A  Decongestants and other nasal preparations for topical use 1,941 (44.8) 4,128 (31.4)
JO1C  Beta-lactam antibacterials, penicillins 1,743 (40.3) 4,314 (32.9)
Al1C Vitamins A and D, including combinations of the two 1,724 (39.8) 5,125 (39.0)
MO2A  Topical products for joint and muscular pain 1,476 (34.1) 4,016 (30.6)
NO2A  Opioids 1,459 (33.7) 3,049 (23.2)
NO5B  Anxiolytics 1,400 (32.3) 3,473 (26.5)
DO8A  Antiseptics and disinfectants 1,397 (32.3) 4,197 (32.0)
C10A  Cholesterol and triglyceride reducers 1,353 (31.3) 3,876 (29.5)
JO1F  Macrolides, lincosamides, and streptogramins 1,261 (29.1) 2,560 (19.5)
G03C  Estrogens 1,258 (29.1) 3,613 (27.5)
AO03A  Drugs for functional bowel disorders 1,250 (28.9) 3,232 (24.6)
D07A  Corticosteroids, plain 1,222 (28.2) 3,210 (24.4)
DO1A  Antifungals for topical use 1,157 (26.7) 3,303 (25.2)
A12A  Calcium 1,114 (25.7) 3,220 (24.5)
AOBA  Laxatives 1,109 (25.6) 3,091 (23.5)
RO3B  Other drugs for obstructive airway diseases, inhalants 1,108 (25.6) 979 (7.5)
AO01A  Stomatological preparations 1,033 (23.9) 2,660 (20.3)
RO5D  Couch suppressants, excluding combinations with expectorants 1,007 (23.3) 2,249 (17.1)
JO1D  Other beta-lactam antibacterials 969 (22.4) 2,076 (15.8)
JOIM  Quinolone antibacterials 954 (22.0) 2,318 (17.7)
BO1A  Antithrombotic agents 921 (21.3) 2,872 (21.9)
S01G  Decongestants and antiallergics 911 (21.0) 1,543 (11.8)
S01A  Antiinfectives 844 (19.5) 2,323 (17.7)
MO3B  Muscle relaxants, centrally acting agents 835 (19.3) 2,303 (17.5)
S01X  Other ophthalmologicals 815 (18.8) 2,377 (18.1)
NO5C  Hypnotics and sedatives 807 (18.6) 2,113 (16.1)
NO6A  Antidepressants 803 (18.6) 2,033 (15.5)
AO3F  Propulsives 790 (18.3) 2,063 (15.7)
HO3A  Thyroid preparations 775 (17.9) 1972 (15.0)
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Table E2. Associations between multimorbidity-related medication profiles identified by latent class analysis and asthma characteristics and

adverse asthma events among women with ever-asthnma from the Asthma-E3N study.

Model adjusted

Asthma characteristics and adverse asthma events Crude model Model adjusted on age on asthma treatment level
OR (*B) [95%ClI] (*+SD) p-value OR (*B) [95%CI] (*+SD) p-value OR (*B) [95%CI] (*+SD) p-value

Uncontrolled asthma

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 2.02 [1.62;2.53] <0.0001 2.01 [1.60;2.52] <0.0001 151 [1.19;1.91] 0.0006

“Predominantly metabolic multimorbidity-related medications” profile 2.59 [2.04;3.29] <0.001 2.28 [1.78;2.90] <0.0001 220 [1.72;2.81] <0.0001
Asthma exacerbations

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 1.65 [1.18;2.31] 0.004 1.64 [1.18;2.30] 0.004 146 [1.08;1.99] 0.01

“Predominantly metabolic multimorbidity-related medications” profile 1.36 [0.90;2.06] 0.14 1.31 [0.90;1.93] 0.16 1.26 [0.85;1.87] 0.24
Asthma attacks

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 2.23  [1.85;2.69] <0.0001 2.23  [1.85;2.69] <0.0001 1.94 [1.60;2.35] <0.0001

“Predominantly metabolic multimorbidity-related medications” profile 2.03 [1.63;2.52] <0.0001 2.05 [1.65;2.54] <0.0001 1.87 [1.50;2.32] <0.0001
Total asthma quality of life score*

“Few multimorbidity-related medications” profile 6.35 £0.02 <0.0001 6.33 £0.02 <0.0001 6.29 +0.02 <0.0001

“Predominantly allergic multimorbidity-related medications™ profile 594 +0.03 <0.0001 592 +0.03 <0.0001 6.01 +0.03 <0.0001

“Predominantly metabolic multimorbidity-related medications” profile 5.86 £0.03 <0.0001 5.82 £0.03 <0.0001 5.87 +0.03 <0.0001

Cl, confidence interval; OR, odds radio; SD, standard deviation.



Table E3. Associations between multimorbidity-related medication profiles identified by latent class analysis and asthma characteristics and

asthma adverse events among women with current asthma from the Asthma-E3N study.

Model adjusted

Asthma characteristics and adverse asthma events Crude model Model adjusted on age on asthma treatment level
OR (*B) [95%CI] (*+SD) p-value OR (*B) [95%CI] (*+SD) p-value OR (*B) [95%CI] (*+SD) p-value

Uncontrolled asthma

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 1.76  [1.39;2.24] <0.0001 1.76  [1.38;2.25] <0.0001 1.38 [1.07;1.77] 0.01

“Predominantly metabolic multimorbidity-related medications” profile 216 [1.67;2.79] <0.0001 1.92 [1.48;2.50] <0.0001 1.89 [1.46;2.46] <0.0001
Asthma exacerbations

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 1.63 [1.22;2.16] 0.0009 1.62 [1.22;2.16] 0.0009 146 [1.11;1.94] 0.007

“Predominantly metabolic multimorbidity-related medications” profile 1.30 [0.92;1.84] 0.13 1.28 [0.92;1.78] 0.14 1.23 [0.87;1.73] 0.23
Asthma attacks

“Few multimorbidity-related medications” profile 1.00 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 1.71 [1.40;2.08] <0.0001 1.71 [1.40;2.08] <0.0001 159 [1.30;1.95] <0.0001

“Predominantly metabolic multimorbidity-related medications” profile 148 [1.19;1.85] 0.0005 151 [1.21;1.89] 0.0002 142 [1.14;1.78] 0.002
Total asthma quality of life score*

“Few multimorbidity-related medications” profile 6.08 £0.03 <0.0001 6.05 0.03 <0.0001 6.02 £0.03 <0.0001

“Predominantly allergic multimorbidity-related medications” profile 572 +0.03 <0.0001 571 +0.03 <0.0001 578 £0.03 <0.0001

“Predominantly metabolic multimorbidity-related medications” profile 5.66 +0.04 <0.0001 5.72  #0.04 <0.0001 5.67 #0.04 <0.0001

ClI, confidence interval; OR, odds radio; SD, standard deviation.



Table E4. Associations between multimorbidity-related medication profiles identified by latent class analysis and asthma characteristics and

asthma adverse events among never-smokers from the Asthma-E3N study.

Asthma characteristics and adverse asthma events

Crude model

Model adjusted on age

Model adjusted

on asthma treatment level

OR (*B) [95%CI] (*+SD) p-value OR (*B) [95%CI] (*+SD) p-value OR (*B) [95%CI] (*+SD) p-value

Uncontrolled asthma

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 251 [1.86;3.37] <0.0001 236 [1.75;3.18] <0.0001 1.85 [1.34;2.54] 0.0002

“Predominantly metabolic multimorbidity-related medications” profile 1.47 [1.03;2.10] 0.03 1.27 [0.88;1.84] 0.19 140 [0.98;2.02] 0.06
Asthma exacerbations

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 151 [1.03;2.20] 0.03 149 [1.02;2.19] 0.04 1.39 [0.96;2.02] 0.08

“Predominantly metabolic multimorbidity-related medications” profile 1.00 [0.65;1.54] 0.98 0.99 [0.64;1.52] 0.96 0.99 [0.65;1.53] 0.98
Asthma attacks

“Few multimorbidity-related medications” profile 100 - 1.00 - 1.00 -

“Predominantly allergic multimorbidity-related medications” profile 243 [1.89;3.14] <0.0001 2.44  [1.90;3.15] <0.0001 213  [1.64;2.77] <0.0001

“Predominantly metabolic multimorbidity-related medications” profile 1.24 [0.92;1.68] 0.15 1.25 [0.92;1.69] 0.14 1.22  [0.90;1.65] 0.19
Total asthma quality of life score*

“Few multimorbidity-related medications” profile 6.34 £0.04 <0.0001 6.30 +0.04 <0.0001 6.28 £0.04 <0.0001

“Predominantly allergic multimorbidity-related medications” profile 575 +0.04 <0.0001 575 +0.04 <0.0001 583 +0.04 <0.0001

“Predominantly metabolic multimorbidity-related medications” profile 6.14 +0.05 <0.0001 6.18 +0.05 <0.0001 6.10 £0.05 <0.0001

Cl, confidence interval; OR, odds radio; SD, standard deviation.
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Figure Legends

Figure E1. Network-based analyses in elderly women with asthma according to disease
activity: a) network-based analysis in women with current asthma (n=1,305 women randomly
selected) and b) network-based analysis in women with past asthma (n=1,305). Network
graphs were built from all drug classes according to the third level of the ATC classification.
Node diameters represent the prevalence of use of each drug class in the population. Edge
thicknesses represent the strength of the association between two drug classes estimated by
the ¢ coefficient. The statistical significant links between asthma drug classes and other drug

classes are highlighted.

Figure E2. Multimorbidity-related medication profiles identified by latent class analysis: a)
“Few multimorbidity-related medications” profile (n=1,885, 43.5%); b) ‘“Predominantly
allergic multimorbidity-related medications” profile (n=1,419, 32.8%); and ¢) “Predominantly

metabolic multimorbidity-related medications” profile (n=1,024, 23.7%).
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