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ABSTRACT Multimedication related to multimorbidity is common in the elderly with asthma. We
aimed at comprehensively characterising medications used by elderly women and assessing how
multimedication impacts on asthma prognosis.

We performed network-based analyses on drug administrative databases to visualise the prevalence of
drug classes and their interconnections among 17458 elderly women from the Asthma-E3N study,
including 4328 women with asthma. Asthma groups sharing similar medication profiles were identified by
a clustering method relying on all medications and were studied in association with adverse asthma events
(uncontrolled asthma, attacks/exacerbations and poor asthma-related quality of life).

The network-based analysis showed more multimedication in women with asthma than in those
without asthma. The clustering method identified three multimedication profiles in asthma: “Few
multimorbidity-related medications” (43.5%), “Predominantly allergic multimorbidity-related medications”
(32.8%) and “Predominantly metabolic multimorbidity-related medications” (23.7%). Compared with
women belonging to the “Few multimorbidity-related medications” profile, women belonging to the two
other profiles had an increased risk of uncontrolled asthma and asthma attacks/exacerbations, and had
lower asthma-related quality of life.

The integrative data-driven approach on drug administrative databases identified specific
multimorbidity-related medication profiles that were associated with poor asthma prognosis. These
findings support the importance of multimorbidity in the unmet needs in asthma management.
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Introduction
Multimorbidity is a major problem in elderly adults (defined as ⩾64 years old), leading to multimedication
[1, 2]. It is common in asthma; older people with asthma had an average of n=8 comorbidities versus
n=3.4 comorbidities for younger adults with asthma [3, 4]. The most common asthma-related
multimorbidity includes allergic rhinitis, chronic sinusitis, sleep apnoea syndrome, lower airway diseases,
particularly chronic obstructive pulmonary disease (COPD), gastro-oesophageal reflux disease (GORD),
obesity, infections, hormonal disorders and psychological disorders [5]. Other chronic conditions have
recently been suggested to be associated with asthma, such as diabetes mellitus, metabolic syndrome and
cardiovascular diseases [4, 6]. Multimorbidity in asthma may affect diagnosis, disease control/severity, lung
function, health-related quality of life and asthma medication response, and therefore lead to increased
medical costs [7].

Multimorbidity medications have been poorly addressed in asthma and never as a comprehensive
assessment integrating all types of medications used by patients [3]. New methods based on an integrative
approach have been developed over the past decade to decipher disease complexity and might be
particularly relevant in the context of asthma [8]. Network models have been recently proposed in two
lung diseases, i.e. COPD and asthma–COPD overlap (ACO), to map multimorbidity interrelationships [9,
10]. To the best of our knowledge, no study has used drug administrative databases to look for networks
of multimorbidity-related medications. Moreover, to what extent multimedication influences asthma
features, prognosis and therapeutic management is little known [6].

Asthma in the elderly is a phenotype of interest, especially in women because asthma tends to be more
prevalent and more severe in women than in men [11]. Asthma research needs to account for the large
endo-phenotypic heterogeneity to improve our understanding of the disease [12]. Clustering methods,
which are able to account for multiple aspects of the disease, have identified clinically meaningful asthma
phenotypes [13]. However, until now these approaches have focused on personal and clinical
characteristics, and did not consider the large amount of information provided by drug administrative
databases. We hypothesised that a pharmacoepidemiological study using clustering methods applied to
drug administrative databases would provide a new insight into our understanding of asthma
multimorbidity.

We aimed at comprehensively characterising medications used by elderly women with and without
asthma, and assessing how multimedication impacts on asthma prognosis. Specific aims were: 1) to
characterise multimedication and compare medication interrelationships among elderly women with and
without asthma, 2) to comprehensively identify specific multimorbidity-related medication profiles in
asthma, and 3) to prospectively assess the association between these profiles and asthma characteristics and
subsequent adverse asthma events.

Methods
Population
The analysis was conducted on 17458 women participating in the Asthma-E3N study. Briefly, the
Asthma-E3N study is a nested case–control study on asthma within the E3N study (Etude
Epidémiologique auprès des femmes de la Mutuelle Générale de l’Education Nationale (MGEN)), a
prospective study focused on major chronic diseases in female members of the MGEN, a French national
health insurance plan covering mostly teachers [14, 15]. The E3N study (11 successive questionnaires sent
since 1990) and the Asthma-E3N study (2011–2012) provided detailed data on general features and
respiratory health, respectively, complemented by a comprehensive outpatient dispensed medication
database from 2004 onwards. Ever-asthma was defined by at least one positive answer to the question
“Have you ever had an asthma attack?” as recommended by the American Thoracic Society Epidemiology
Standardization Project, at least once between 1992 and 2008, and confirmed in the Asthma-E3N
questionnaire either by a positive answer to that question or by the report of any asthma symptom [16].

The study protocol was approved by the French Institutional Ethics Committee and written informed
consent was obtained for all participants. Ethical approval was granted to use the MGEN database.

Estimation of medication exposure
Non-hospital-delivered drug classes were identified over the 2 years before the Asthma-E3N questionnaire
from the exhaustive MGEN drug database using the Anatomical Therapeutic Chemical (ATC) code as
recommended by the World Health Organization and were grouped into categories [17]. Medication
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exposure was defined within each category in three classes based on the average annual number of
reimbursements: regular (n⩾3), intermittent (1<n<3) and unexposed. Multimorbidity-related medication
defined any medication apart from those for asthma.

Asthma characteristics and adverse asthma events assessed at the Asthma-E3N study
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 [18]. The term ACO was applied to women with self-report of both asthma and
COPD. Asthma treatment level was assessed according to the Global Initiative for Asthma guidelines, and
classified as no, low and high maintenance therapy [19].

Asthma control was assessed by the validated Asthma Control Test (ACT) over the previous month [20].
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 2 days in the previous
12 months. Health-related quality of life was assessed from the total score of the specific Asthma Quality
of Life Questionnaire (AQLQ) [21].

Further details of asthma characteristics and adverse asthma events are given in the supplementary
material.

Sociodemographic and clinical variables
Sociodemographic characteristics included age, body mass index (BMI; four classes: <20, 20–25, 25–30 and
⩾30 kg·m−2), educational level (four classes: less than high school diploma, high school to level 2
university, level 3/4 university and level ⩾5 university) and active smoking (three classes: never-smoker,
ex-smoker and current smoker). The medical follow-up (frequency, medical speciality) and an asthma
symptom score (defined as the sum of positive answers to five questions related to asthma symptoms and
grouped into four classes: 0, 1, 2 and ⩾3) were assessed over the 12 months that preceded the
Asthma-E3N questionnaire. Parental history of asthma was categorised as none versus father and/or
mother.

Statistical analysis
To address our first aim, we applied network-based analyses on all drug classes dispensed to women with
and without asthma. We generated comprehensive network graphs using Gephi version 0.9.1 graph
visualisation and manipulation software (https://gephi.org [22]), in which drug classes are represented by a
node whose diameter is proportional to its prevalence and the connections between drug classes estimated
by φ coefficients (i.e. Pearson’s correlation coefficients for binary variables) are represented by the edges
between nodes (p⩽0.01 as previously used in the literature) [23]. Analyses were performed in the same
number of women with and without asthma to allow for a direct comparison of the two networks.

To address our second aim, we performed latent class analysis (LCA), i.e. a data-driven approach, to
identify asthma groups characterised by specific multimorbidity-related medication profiles. The LCA was
developed with 1) the 21 drug classes a priori linked to asthma-related multimorbidity and grouped into
10 categories (supplementary material), 2) drug classes linked with asthma medications in the network
graph, and 3) three clinical and environmental factors that cannot be assessed by drug classes (BMI
⩾30 kg·m−2 for obesity, sleep apnoea syndrome and smoking status).

To address our third aim, we prospectively assessed the association between each LCA-derived medication
profile and asthma outcomes by regression models (crude and adjusted on age and asthma treatment),
weighted by the posterior probability of belonging to the assigned cluster to account for the uncertainty in
the cluster membership (see supplementary material). A sensitivity analysis was conducted in women with
current asthma and in never-smokers with asthma to address the robustness of our findings.

Multiple imputation was performed to handle missing data derived from the Asthma-E3N questionnaire
(see supplementary material). Analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC,
USA).

Results
Population
Among the 17458 women included in the Asthma-E3N study (mean (range) age 70.0 (61.3–87.5) years),
4328 (24.8%) had ever-asthma, of whom 69.8% (n=3023) had current asthma (figure 1 and table 1).
Women with ever-asthma were slightly younger (69.6±6.1 versus 70.1±6.3 years old; p<0.0001), more often
obese (9.9% versus 6.3%; p<0.0001), more often never-/ex-smokers (96.1% versus 95.3%; p=0.02) and had
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a higher educational level (level ⩾3 university 40.0% versus 36.0%; p<0.0001) than women without asthma.
Most of the women used at least one nonasthma medication (94.4% and 94.2% among women with and
without asthma, respectively).

Multimedication network-based analysis
The number and types of drug classes were similar in women with and without asthma (177 versus 171,
respectively) (supplementary table E1). However, the networks showed that the number of links between
drug classes was higher in asthma, meaning that drugs from different classes were more often jointly
delivered in women with asthma than in those without asthma (282 versus 160 statistically significant links
and 251 versus 158 after excluding asthma drug classes) (figure 2). Among women without asthma (figure
2a), the main reimbursed drug classes (defined by the ATC code) were other analgesics and antipyretics
(68.5%), and anti-inflammatory and antirheumatic products (60.6%). The correlations varied from 0.10 to
0.47 (median (interquartile range (IQR)) φ=0.18 (0.14–0.23)) among the 160 links between drug classes
identified by the network analysis.

Among women with ever-asthma (figure 2b), the main reimbursed drug classes were other analgesics and
antipyretics (72.2%), anti-inflammatory and antirheumatic products (63.6%), antihistamines for systemic
use (52.7%), drugs for peptic ulcer and GORD (51.5%), viral vaccines (50.2%), and adrenergic inhalants
(50.1%). Among the 282 statistically significant links found between drug classes (median (IQR) φ=0.16
(0.13–0.21)), 31 links associated asthma-related drug classes with other drug classes (median (IQR) φ=0.16
(0.14–0.21)), including corticosteroids for systemic use (φ=0.29), anti-infective drugs (φ=0.28),
antihistamines for systemic use (φ=0.27), topical decongestants (φ=0.27), drugs for peptic ulcer and GORD
(φ=0.18), analgesics (φ=0.14), anxiolytics (φ=0.14), drugs for bowel diseases (φ=0.12), and
anti-inflammatory and antirheumatic products (φ=0.10). The number of drug classes and links
between them were higher in women with current asthma than in those with past asthma (supplementary
figure E1).

Multimorbidity-related medication profiles in asthma
The LCA model applied to the drug administrative data and personal characteristics identified three
multimorbidity-related medication profiles (figure 3). The mean±SD of the maximum posterior
probabilities of belonging to the assigned cluster was high (0.84±0.17), indicating a high degree of
certainty in the cluster membership.

E3N study (1990–)
n=98 995 women

(including 21 300 who received the Asthma-E3N questionnaire)

Women without asthma
not randomised

n=77 695

Refusals
n=1896

Asthma-E3N case–control study (2011–2012)
n=19 404 women who responded to

the Asthma-E3N questionnaire

Missing at ever-asthma
n=527

Inconsistent
n=1419

Women without asthma
n=13 130

Women with ever-asthma
n=4328

(including 3023 women with current asthma)

Women without multimorbidity-
related medications

n=244

Women with multimorbidity-
related medications

n=4084

FIGURE 1 Flowchart of the study population.
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A first profile, characterised by few medications, was labelled “Few multimorbidity-related medications”
(n=1885 (43.5%)). A second profile, mainly characterised by medications for allergy, nose diseases,
respiratory diseases, rheumatism/inflammation, pain, GORD, hormonal disorders and anti-infective drugs,
was labelled “Predominantly allergic multimorbidity-related medications” (n=1419 (32.8%)). The third
profile, mainly characterised by obesity, sleep apnoea syndrome, and medications for respiratory diseases,
GORD, rheumatism/inflammation, pain, bowel diseases, psychological disorders, cardiovascular diseases,
diabetes and dyslipidaemia, was labelled “Predominantly metabolic multimorbidity-related medications”
(n=1024 (23.7%)) (figure 3 and supplementary figure E2). The analysis restricted to never-smokers
(n=2152) showed similar profiles (37.8%, 36.8% and 25.4%, respectively).

The profiles differed in terms of individual and asthma characteristics. Compared with the two other
profiles, women belonging to the “Predominantly metabolic multimorbidity-related medications” profile
were older and had a lower educational level (table 2). Women belonging to the “Predominantly allergic
multimorbidity-related medications” and “Predominantly metabolic multimorbidity-related medications”
profiles more often had current asthma (table 2) and asthma maintenance therapy (OR 8.24, 95% CI 6.80–
9.99 and 4.12, 95% CI 3.33–5.10, respectively) than those with few multimorbidity-related medications.
They also more often had late-onset asthma (OR 1.36, 95% CI 1.12–1.64 and 1.67, 95% CI 1.40–2.00,
respectively) and ACO (OR 1.98, 95% CI 1.54–2.53 and 1.91, 95% CI 1.43–2.54, respectively).

Multimorbidity-related medication profiles and subsequent adverse asthma events
Compared with women belonging to the “Few multimorbidity-related medications” profile (reference
group), women belonging to the two other profiles had more often uncontrolled asthma, asthma attacks,

TABLE 1 Characteristics of women with ever-asthma from the Asthma-E3N study according to disease activity and the use of
nonasthma medications

Whole
population

Women with
current
asthma

Women with
past asthma

Women with
nonasthma
medications

Women without
nonasthma
medications

p-value# p-value¶

Women 4328 3023 1305 4084 244
Sociodemographic characteristics
Age years 69.6±6.1 69.9±6.1 69.1±6.0 69.4±6.0 71.3±7.1 <0.0001 <0.0001
BMI kg·m−2

<20 431 (10.9) 287 (10.4) 144 (12.2) 406 (10.9) 25 (11.2) <0.0001 0.78
20–25 2082 (52.9) 1354 (49.2) 728 (61.4) 1968 (53.0) 114 (50.9)
25–30 1035 (26.3) 775 (28.2) 260 (21.9) 970 (26.2) 65 (29.0)
⩾30 389 (9.9) 335 (12.2) 54 (4.5) 369 (9.9) 20 (8.9)

Educational level
Less than high school diploma 449 (10.8) 319 (11.0) 130 (10.3) 367 (9.3) 82 (34.2) 0.08 <0.0001
High school to level 2 university 2050 (49.2) 1462 (50.3) 588 (46.8) 1974 (50.3) 76 (31.6)
Level 3/4 university 840 (20.2) 562 (19.3) 278 (22.1) 800 (20.4) 40 (16.7)
Level ⩾5 university 826 (19.8) 564 (19.4) 262 (20.8) 784 (20.0) 42 (17.5)

Smoking
Never-smoker 2152 (50.1) 1494 (49.9) 658 (50.8) 2028 (50.1) 124 (50.6) 0.45 0.96
Ex-smoker 1975 (46.0) 1380 (46.0) 595 (45.9) 1864 (46.1) 111 (45.3)
Current smoker 166 (3.9) 123 (4.1) 43 (3.3) 156 (3.8) 10 (4.1)

Asthma
Asthma symptoms
0 1248 (37.5) 177 (7.8) 1071 (100.0) 1180 (37.5) 68 (37.3) <0.0001 0.29
1 891 (26.7) 891 (39.4) 0 (0) 849 (26.9) 42 (23.1)
2 488 (14.6) 488 (21.6) 0 (0) 464 (14.7) 24 (13.2)
⩾3 705 (21.2) 705 (31.2) 0 (0) 657 (20.9) 48 (26.4)

Parental asthma 960 (23.8) 695 (24.8) 265 (21.5) 905 (23.7) 55 (24.9) 0.02 0.70
Drugs for asthma (ATC code R03) 2366 (54.7) 1971 (65.2) 395 (30.3) 2366 (58.0) 0 (0) <0.0001 <0.0001

Medical follow-up over the last
12 months

1306 (33.1) 1220 (44.9) 86 (7.0) 1216 (32.7) 90 (40.5) <0.0001 0.02

Regular monitoring for asthma 733 (18.3) 683 (24.7) 50 (4.0) 684 (18.1) 49 (22.3) <0.0001 0.12
General practitioner 1188 (30.9) 1100 (41.9) 88 (7.2) 1105 (30.5) 83 (38.4) <0.0001 0.01
Specialist 826 (21.7) 757 (29.3) 69 (5.6) 765 (21.2) 61 (29.8) <0.0001 0.004

Data are presented as n, mean±SD or n (%), unless otherwise stated. BMI: body mass index; ATC: Anatomical Therapeutic Chemical.
#: comparing women with current asthma and women with past asthma; ¶: comparing women with nonasthma medications and women
without nonasthma medications.
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a)

FIGURE 2 Network-based analyses among a) 4328 women without asthma randomly selected and b) the 4328 elderly women with ever-asthma from the Asthma-E3N study. Network graphs
were generated using Gephi (https://gephi.org [22]) and were built from all drug classes according to the third level of the Anatomical Therapeutic Chemical 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 φ coefficient. In
(b), green indicates asthma drug classes and statistically significant links between them; orange indicates other relevant drug classes and statistically significant links between them and
asthma drug classes.
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b)

FIGURE 2 Continued
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Sleep apnoea syndrome (4.9%)

Smoking (3.7%)

Drugs for diabetes (1.4%)

Obesity (1.5%)

Drugs for GORD (48.7%)

Drugs for cardiovascular diseases (35.8%)

Drugs for dyslipidaemia (25.5%)

Drugs for psychological disorders (41.3%)

Drugs for GORD (8.4%)

Drugs for respiratory diseases (18.0%)

Obesity (3.4%)

Drugs for dyslipidaemia (16.0%)

Drugs for diabetes (1.3%)

Drugs for psychological disorders (11.9%) Sleep apnoea syndrome (3.5%)

Drugs for allergy (9.6%)

Drugs for bowel diseases (6.1%)

Drugs for hormonal disorders (18.1%)

Drugs for rheumatism/inflammation (22.1%)

Drugs for cardiovascular diseases (23.4%)

Drugs for nose diseases (1.4%)

Anti-infective drugs (17.5%)

Smoking (4.3%)

Drugs for pain (21.2%)

Drugs for hormonal disorders (41.8%)

Drugs for bowel diseases (41.5%)

Drugs for allergy (63.1%)

Drugs for respiratory diseases (65.5%)

Drugs for nose diseases (50.3%)

Anti-infective drugs (64.6%)

Drugs for GORD (55.9%)

“Predominantly metabolic
multimorbidity-related 

medications” profile

“Predominantly allergic
multimorbidity-related

medications” profile

“Few multimorbidity-related
medications” profile

Key: Prevalence ≥ 50%
25 ≤ prevalence < 50%
Prevalence < 25%

Drugs for pain (68.9%)(76.2%)

Drugs for rheumatism/inflammation (53.9%)(50.5%)

Drugs for cardiovascular diseases (89.7%)

Drugs for dyslipidaemia (61.1%)

Drugs for diabetes (19.8%)

Anti-infective drugs (49.6%)

Obesity (34.3%)

Drugs for psychological disorders (49.7%)

Drugs for bowel diseases (34.5%)

Drugs for respiratory diseases (47.2%)

Drugs for hormonal disorders (11.8%)Drugs for allergy (23.8%)

Drugs for nose diseases (13.9%)

Sleep apnoea syndrome (14.6%) Smoking (3.4%)

FIGURE 3 Multimorbidity-related medication profiles identified by latent class analysis: “Few multimorbidity-related medications” profile (n=1885
(43.5%)), “Predominantly allergic multimorbidity-related medications” profile (n=1419 (32.8%)) and “Predominantly metabolic
multimorbidity-related medications” profile (n=1024 (23.7%)). GORD: gastro-oesophageal reflux disease. Overlaps between profiles were
considered when at least 50% of women belonging to each profile had at least one reimbursement of a drug class during the study period.
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asthma exacerbations (table 2 and figure 4) and lower AQLQ score (β±SD 5.94±0.03; p<0.0001 and
5.86±0.03; p<0.0001 for the “Predominantly allergic multimorbidity-related medications” and “Predominantly
metabolic multimorbidity-related medications” profiles, respectively). Associations remained similar in the
models adjusted for age or for asthma treatment level and when restricting the analysis to women with
current asthma (supplementary tables E2 and E3). The associations among never-smokers showed patterns
similar to those observed in the whole population, although some associations were no longer statistically
significant due to decreased sample size (supplementary table E4).

Discussion
To the best of our knowledge, this is the first pharmacoepidemiological study using an unbiased approach
relying on drug administrative databases to characterise asthma-related multimorbidity. Nonasthma drugs
were more often jointly delivered in women with asthma than in those without asthma, indicating that
multimorbidity is more common in asthma. We identified two multimorbidity medication profiles, one
mainly characterised by predominantly allergic multimorbidity and the other by predominantly metabolic
multimorbidity, which were prospectively associated with subsequent adverse asthma events.

The strength of this study relates to the population. First, this study focused on the elderly, a population of
particular interest in terms of multimorbidity and thus of multimedication. More than half of the
population aged ⩾65 years suffers from multimorbidity (i.e. at least two chronic diseases), leading to a five
times increase in healthcare expenditure compared with nonmultimorbid people [24]. Our findings relying
on a large population of elderly women are of public health relevance because of higher asthma prevalence
and severity in elderly women than in elderly men [11]. However, studies in elderly men with asthma are
needed to address the generalisability of our findings. Indeed, although there is no clear evidence for sex
differences in the rate of multimorbidity in asthma [25], the distribution of the multimorbidity medication
profiles might differ between sexes because of differences in disease perception, in hormonal,
environmental and occupational factors, and in adherence to medications between men and women with
asthma [26]. Second, the population focused on women with ever-asthma covers a wide range of asthma
phenotypes, and therefore allows addressing the role of disease activity and severity in multimorbidity.
Although asthma was defined through a repeated answer to a standardised questionnaire widely used in

TABLE 2 Characteristics of women belonging to the three multimorbidity-related medication profiles identified by latent class
analysis

Whole
population

“Few
multimorbidity-related
medications” profile

“Predominantly allergic
multimorbidity-related
medications” profile

“Predominantly
metabolic

multimorbidity-related
medications” profile

p-value

Women 4328 1885 1419 1024
Sociodemographic characteristics
Age years 69.6±6.1 68.9±5.9 69.3±5.8 71.6±6.5 <0.0001
Educational level
Less than high school diploma 449 (10.8) 185 (10.1) 118 (8.7) 146 (14.9) <0.0001
High school to level 2 university 2050 (49.2) 822 (45.1) 700 (51.5) 528 (53.8)
Level 3/4 university 840 (20.2) 416 (22.8) 271 (19.9) 153 (15.6)
Level ⩾5 university 826 (19.8) 402 (22.0) 270 (19.9) 154 (15.7)

Asthma therapeutic management
High level of asthma maintenance therapy 632 (14.6) 95 (5.0) 356 (25.1) 181 (17.7) <0.0001
Low level of asthma maintenance therapy 620 (14.3) 133 (7.1) 327 (23.0) 160 (15.6)
No asthma maintenance therapy 3076 (71.1) 1657 (87.9) 736 (51.9) 683 (66.7)

Asthma characteristics
Current asthma 3023 (79.9) 1119 (70.9) 1098 (85.8) 806 (87.3) <0.0001
Late-onset asthma 1455 (36.7) 545 (31.5) 517 (39.0) 393 (43.3) <0.0001
Asthma–COPD overlap 863 (22.7) 265 (15.9) 353 (28.3) 245 (27.5) <0.0001

Adverse asthma events
Uncontrolled asthma 522 (19.2) 127 (12.2) 214 (21.5) 181 (26.7) <0.0001
At least one asthma attack 1055 (25.4) 317 (17.5) 438 (32.3) 300 (30.6) <0.0001
At least one asthma exacerbation 446 (13.2) 123 (8.8) 206 (17.9) 117 (14.3) <0.0001
Total AQLQ score 6.0±1.0 6.3±0.9 5.9±1.0 5.8±1.1 <0.0001

Data are presented as n, mean±SD or n (%), unless otherwise stated. COPD: chronic obstructive pulmonary disease; AQLQ: Asthma Quality of
Life Questionnaire.
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epidemiological studies [16, 27], misdiagnosis remains questionable in this elderly population. However,
the sensitivity analysis restricted to never-smokers showed similar patterns of associations, suggesting the
robustness of our findings to potential asthma–COPD misdiagnosis. Finally, the detailed individual and
phenotypic characteristics provided by the Asthma-E3N questionnaire offer the unique opportunity to
estimate the clinical significance of the identified multimedication profiles.

A further strength of this study lies on the use of a comprehensive and exhaustive dispensed drug database
allowing multimedication network-based analysis among elderly women. Already used in several countries
for drug surveillance, administrative databases are a unique and powerful source of data to estimate drug
use in real life in large populations [28]. Our study expands the opportunity of using such databases by
demonstrating their relevance in identifying groups of individuals characterised by their medication
profiles. We acknowledge that drug administrative databases are a proxy for medication use and the
assessment of medication exposure may be hampered by nonadherence, which is commonly encountered
in chronic diseases [29]. This weakness is difficult to avoid, but is probably minimised in this study
conducted on women with a higher mean educational level than the general population [29]. A further
limitation in our approach relies on the postulate that medications are a substitute for the diagnosis made
by a physician; dispensed drug databases might not accurately assess diseases in some contexts. However,
the ATC classification used in our study is a standardised and validated classification according to the
main therapeutic indication of medications, recommended and promoted by the World Health
Organization [17].

We provide here the relevance of the pharmacoepidemiological approach to decipher asthma complexity
and heterogeneity. Most studies suffer from a reductionist approach considering only a limited number of
diseases, therefore missing the overall picture [9]. Only few studies have considered lung diseases as an
integrative system [8–10] and none by using a pharmacoepidemiological approach [30]. The
multimedication network-based analysis offers an integrative approach to understand complex diseases
such as asthma. Therefore, we added a new layer to the previous networks by providing a comprehensive
overview of the therapeutic management of individuals with chronic diseases, which we called the
“pharmacome” in reference to the “-ome” family. An important challenge now is to establish the
relationships between the different levels of networks (i.e. genome, proteome, metabolome, phenome,
pharmacome and exposome).

Our findings confirm that multimedication is common in ambulatory care in elderly people and
particularly in those with asthma [18]. We found interconnections between asthma medications and the
main drug classes used for known asthma comorbidities. However, we did not find all expected
connections, especially for drugs for cardiovascular diseases, probably because of their wide range of use
and the rather high socioeconomic status of our population of elderly women [31]. Interestingly, our study
supports the relationship between asthma and rheumatism/inflammation, which might have some
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FIGURE 4 Associations (odds ratio and 95% confidence interval) between multimorbidity-related medication
profiles identified by latent class analysis and adverse asthma events: a) uncontrolled asthma, b) asthma
exacerbations and c) asthma attacks.
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implications in the management of these patients by considering leukotriene receptor antagonists as a
therapeutic option [32].

Our unsupervised approach identified three clinically relevant profiles of elderly women with asthma
characterised by multimedication. In our highly educated population, a large proportion of elderly women
(43.5%) had few multimorbidity-related medications, a characteristic of healthy ageing that is influenced
by a number of factors including demographics, functional status, health risks, social context and resources
[33]. About a quarter of our elderly population belonged to the “Predominantly allergic
multimorbidity-related medications” profile. This frequency is much lower than in studies relying on
objective measurements of allergic sensitisation in younger adults, where about two-thirds of adults with
ever-asthma had allergic-related phenotypes [34]. This profile relates to the allergic multimorbid
phenotype, clearly identified in children, but still poorly studied later in life. It is characterised by a high
use of drugs for hormonal disorders, supporting the relationship between hormonal effects and allergic
diseases [35]. The last profile associated with late-onset asthma identified women with a high proportion
of metabolic multimorbidity-related medications. This observation is in agreement with a recent study
indicating that later age at asthma onset predicts the long-term risk of cardiovascular diseases, particularly
in women [36]. The two profiles characterised by multimedication were associated with a higher level of
asthma treatment, suggesting that multimorbidity is associated with disease severity.

Consistent with the literature indicating that multiple comorbidities may hamper asthma control [37], we
showed that the two clusters characterised by multimedication had a higher risk of subsequent adverse
asthma events. The highest risk of asthma exacerbation and asthma attack was observed in the
“Predominantly allergic multimorbidity-related medications” profile; this finding extends to the elderly the
previous observations in children showing an association between the allergic multimorbid phenotype and
asthma severity [38]. The association between uncontrolled asthma and the “Predominantly metabolic
multimorbidity-related medications” profile, to which obese patients mostly belonged, supports the
increasing literature on the causal role of obesity on asthma [39]. This finding also contributes to the
growing literature on the association between metabolic syndrome and lung diseases, including asthma,
although the mechanisms behind this association remain to be elucidated [39]. Multimorbidity might
impact asthma through different mechanisms, including involvement in similar pathophysiological
pathways, in disease evolution or in modulating asthma phenotype, but none of these mechanisms have
been extensively described [5, 6]. In our study, the associations between multimorbidity and subsequent
adverse asthma events were observed independently from disease severity, suggesting that factors other
than asthma severity are involved in this association.

Our findings have relevant clinical implications. First, among elderly women with asthma, we identified a
common subgroup of women with complex multimorbidities (allergic or metabolic), who most likely
require a continuity of care by a physician and regular consultations to review their chronic conditions and
related medications [25, 40]. Second, we showed that half of the patients belonging to the predominantly
metabolic multimorbidity profile used drugs for psychological disorders. This novel finding emphasises
that asthma management of these multimorbid patients should consider both physical and mental health
dimensions [25]. Third, our results reinforce that the “current one-size-fits-all” therapeutic management in
asthma has to be reconsidered towards personalised medicine integrating the multimorbidity dimension
[40]. From a wider point of view, the current management approach considering single-disease clinical
guidelines may not be applicable to patients with multimorbidity, partly because these patients are
routinely excluded from clinical trials on which the guidelines rely [2]. A broader approach with guidelines
that consider clusters of chronic conditions might be a step forward [40]. Such an approach is particularly
relevant given population ageing.

In conclusion, using the “pharmacome” as an integrative approach, we showed that multimedication, often
encountered in the elderly with asthma, predicts poor asthma prognosis. Among the factors that
contribute to the unmet needs in asthma management, multimorbidity should particularly be considered.
A multifaceted strategy is needed for asthma patients with multimorbidity to successfully restore and
maintain the control of the disease, which should ultimately have a substantial medicoeconomic impact.
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