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Summary
Background The phenotypic nature of multimorbidity in severe asthma is poorly understood. Our aims in this study 
were to define multimorbidity phenotypes and their characteristics in severe asthma across Europe by identifying 
and characterising co-aggregation of comorbidities.

Methods Cross-sectional patient data were analysed from the pan-European Severe Heterogenous Asthma Research 
Collaboration: Patient Centred (SHARP) Central database of national severe asthma registries. Patients were 
grouped by four European regions (North, South, East, and West). Hierarchical clustering of comorbidities was 
applied to characterise the correlation structure of the ten commonest comorbidities within these geographical 
regions. Subsequent multimorbidity phenotypes (MMP) and their clinical features were then defined.

Findings Data were available for 2690 severe asthma patients and 23 comorbidities from 11 countries. Three co-
morbidity clusters were consistently seen across the four European regions: 1) osteoporosis plus steroid-induced 
weight gain, 2) eczema plus rhinitis, and 3) chronic sinusitis plus nasal polyps. Four further comorbidities 
(obesity, bronchiectasis, gastro-oesophageal reflux disease, psychological factors) showed variable clustering. 
Multimorbidity was ubiquitous. Patients were assigned multimorbidity phenotypes (MMP) according to 
comorbidity cluster alignment. MMP sn (sinonasal-associated) and MMP u (no specific cluster alignment) were 
commonest. MMP ster (steroid-associated multimorbidity) had highest maintenance oral steroid (m-OCS) use, 
and Body Mass Index, plus worst lung function, asthma control, and asthma exacerbation frequency. MMP max 
(maximal multimorbidity) showed high prevalence of variably assigned comorbidities, higher m-OCS and 
biologic treatment needs.

Interpretation Multimorbidity is common in severe asthma and can be classified into replicable novel phenotypes 
with characteristic clinical traits and outcomes. Recognising these phenotypes can guide better care of the ‘whole
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patient’ with severe asthma. Future clinical guidance should promote such understanding in order to support de-
livery of more effective personalised asthma care.

Funding European Respiratory Society, pharmaceutical industry partners (Sanofi, TEVA, Novartis, GlaxoSmithKline, 
Chiesi).

Copyright © 2026 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/).
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Introduction
The concept of multimorbidity, describing the co-
existence of two or more comorbidities and their com-
bined effects, is attracting increasing attention for long 
term health conditions. 1 However, understanding of 
multimorbidity in relation to severe asthma is in its 
infancy. Most work in that regard has focused on the 
identification and burden of individual comorbidities in 
severe asthma, 2,3 plus associations of simple cumulative 
comorbidity burden with worse asthma outcomes. 2

From that body of work, it is evident that a holistic 
‘treatable traits’ approach to severe asthma manage-
ment based on a comprehensive systematic assess-
ment, which identifies and addresses comorbidities, 
can considerably improve asthma outcomes including 
oral corticosteroid dependency. 4,5 Conversely, current 
management approaches for severe asthma often 
remain singularly focused on the index airway condi-
tion. 1 Yet, comorbidities are emerging as a factor that 
may influence biologic treatment responses in patients

Research in context

Evidence before this study
Comorbidities are increasingly recognised as contributing to 
worse outcomes in difficult-to-treat/severe asthma and there 
is growing interest in the concept of multimorbidity as a 
means to understand these effects. However, there is limited 
understanding of the nature and impacts of multimorbidity 
in difficult-to-treat/severe asthma. We conducted a PubMed 
and Embase search on 1st January 2026 using the search 
terms ‘difficult-to-treat asthma’, ‘multimorbidity’, 
‘comorbidity’ and ‘phenotype’, for studies published between 
1st March 2015 and 1st January 2026. Numerous studies 
were identified that demonstrated the detrimental impacts 
of individual (more than 50 studies) and cumulative 
comorbidities (only four studies) on asthma outcomes. 
However, multimorbidity models for severe asthma have 
scarcely been studied. One recent publication presents a 
novel multimorbidity in difficult asthma score (MiDAS) that 
demonstrated associations between multimorbidity and 
worse asthma plus general health outcomes in difficult-to-
treat asthma. MiDAS serves as a prompt for clinicians to 
recognise and address multimorbidity. However, we found no 
studies that offer clinicians a deeper understanding of the 
patterns or phenotypes of multimorbidity in difficult-to-
treat/severe asthma and their clinical relevance.

Added Value of this study
To the best of our knowledge, we present the first study to 
define multimorbidity phenotypes in patients with severe 
asthma. This provides an evidence base to support a more 
holistic understanding of severe asthma. Using hierarchical 
cluster analysis, we identified three stable comorbidity 
clusters that were replicated across four geographical regions

in Europe. These three clusters give rise to a multimorbidity 
phenotyping scheme in severe asthma. Patients allocated to 
these multimorbidity phenotypes demonstrated clinically 
distinct and relevant asthma-related clinical traits and clinical 
outcomes. Notable adverse outcome-associated 
multimorbidity phenotypes included the respective 
“unclustered”, “steroid-associated”, and “maximal” 
multimorbidity phenotypes. These phenotypes can be readily 
detected in clinical practice and their recognition could guide 
more holistic treatment approaches in severe asthma.

Implications of all the available evidence
Multimorbidity is commonplace, highly detrimental, and 
needs to be considered as a central component of difficult-
to-treat/severe asthma management as highlighted by the 
recently published Multimorbidity in Difficult Asthma Score 
(MiDAS). The definition of distinct multimorbidity severe 
asthma phenotypes in the present study takes this 
understanding to the next level. Identification of 
multimorbidity phenotypes allows greater understanding of 
the nuances of multimorbidity in severe asthma which can 
promote personalised-medicine approaches to treat the 
‘whole patient’. Taken collectively, this emerging evidence 
base provides clinicians with a useable framework to 
recognise and address patterns of multimorbidity in severe 
asthma management with the ultimate goal of improving 
future severe asthma care and patient outcome. Avoidance 
of over-exposure to oral corticosteroids alongside early 
consideration for biologic strategies in some patients, and/or 
implementation of multimodal approaches to address 
specific patterns of multimorbidity in others, emerge as 
critical clinical practice points in that regard.
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with severe asthma, 6 with several comorbidities 
showing association with failure to achieve biologic-
induced asthma remission. Notably, current defini-
tions for asthma remission or treatment response fail to 
consider comorbidities. 7

The recently published Multimorbidity in Difficult 
Asthma Score (MiDAS) provides compelling evidence of 
the key components of multimorbidity in difficult-to-treat/ 
severe asthma and of their detrimental association with 
patient outcomes. 8 It also offers clinicians a simple tool 
with which to identify patients whose asthma outcomes 
are at greatest risk from their multimorbidity. However, it 
remains unclear whether different patterns or phenotypes 
of multimorbidity occur in more severe asthma and how 
those might correlate with individual patient outcomes. 

Cross-sectional analysis from the Severe Heteroge-
nous Asthma Research Collaboration: Patient Centred 
(SHARP) demonstrated variability across Europe in 
characteristics, lifestyle factors, lung function and 
treatment regimens prior to biologic initiation for se-
vere asthma patients. 9 In this SHARP study, we sought 
to use a cluster analysis-based approach to identify co-
morbidity clusters in severe asthma that could be 
replicated across different geographic regions of 
Europe. We then used these clusters to distinguish and 
characterise multimorbidity patient phenotypes in se-
vere asthma. We hypothesised that it would be possible 
to characterise clinically relevant multimorbidity phe-
notypes in severe asthma which would have distinct 
clinical features and associated outcomes.

Methods
Study design and participants
Cross-sectional observational patient data were drawn 
in April 2023 from the SHARP Central database of 
harmonised data variables from 11 European national 
severe asthma registries, as previously described 10 and 
converted to the Observational Medical Outcomes 
Partnership Common Data Model (OMOP CDM). Most 
European registries included patients who fulfilled the 
severe asthma criteria according to the joint ERS/ATS 
guidelines 11 but in some cases national asthma guide-
lines were used or all patients who attended specialist 
asthma centres were qualified for inclusion. The scope 
of reporting spans demographics, anthropometrics, 
smoking history, clinical measurements, asthma con-
trol (either Asthma Control Test [ACT] or Asthma 
Control Questionnaire [ACQ]), lung function, bio-
markers, comorbidities, and medication. Eligibility 
criteria, and the nature of data shared, including trait 
definitions, were determined by individual registries; 
missing data were not imputed. Comorbidity diagnoses 
in each country reflected local clinical diagnostic criteria 
as captured in their respective severe asthma registries. 
Ethics approvals for SHARP were obtained through 
existing collaboration agreements with the individual

participating national registries in SHARP. Patient 
consent for data sharing was obtained at point of indi-
vidual registry consent. The study adhered to the 
Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) guidelines.

Statistical analysis
Patient characteristics were summarised using mean (SD), 
median (IQR), or n (%) for symmetrical continuously 
distributed data, non-symmetrical continuously distributed 
data and count data, respectively. The country-specific 
prevalence of each comorbidity was given as n (%). 

Patients were assigned to a European region using the 
United Nations geoscheme for Europe 12 as follows: North 
(Lithuania (LT), Latvia (LV), Sweden (SE)); East (Hungary 
(HU), Poland (PL) Romania (RO)); South (Croatia (HR), 
Serbia (RS), Slovenia (SL), Türkiye (TR)); West 
(Netherlands (NL)) (Supplementary Table S1). Baseline 
characteristics differed by region (Supplementary 
Table S2), and we wished to establish a consensus 
scheme across the spectrum of severe asthma in Europe. 
Comorbidities with prevalence of at least 5% in all four 
regions of Europe, were selected for detailed study.

Development of comorbidity clusters and multimorbidity 
patient phenotypes
Hierarchical clustering of variables 13 was applied to 
create a hierarchical representation of the correlation 
structure of the comorbidities. An agglomerative 
approach was adopted in which the aggregation criterion 
was the decrease in homogeneity of clusters being 
merged. The homogeneity of a cluster was the sum of 
the correlation ratio between the variables and the centre 
of the cluster. In practical terms, the presence/absence of 
each comorbidity was used as input, and cluster analysis 
was conducted four times, by geographic region with the 
aim of establishing a consensus from independent 
groups. The cut-point of the hierarchy (number of clus-
ters) was determined by inspection of scree plots and 
application of the elbow method (Supplementary 
Figure S4). Results were displayed using dendrograms, 
and consistency of co-aggregation was displayed using a 
Sankey diagram. An item response analysis was applied 
to assess the relative importance of the comorbidities in 
each cluster (Supplementary Figure S5).

Patients were then allocated into multimorbidity 
phenotypes based on which clusters were represented 
in their individual comorbidity profile. Summary sta-
tistics for patient multimorbidity phenotypes were 
provided via mean (SD), median (IQR), or n (%), as 
appropriate. All analyses were conducted using R 
version 4⸱2⸱3 or later (R Core Team, 2023). 14

Role of funding source
The funders of this study had no role in study design, 
data collection, analysis, data interpretation, or writing 
of the report.

Articles

4 www.thelancet.com Vol 63 April, 2026

http://www.thelancet.com


Results
Demographic data, clinical characteristics and 
geographical variation
Eleven countries contributed data for 2690 patients, 
of which 1270 were from the Netherlands, the oldest 
and largest severe asthma registry in this study 
(Fig. 1a).

The overall study population was predominantly fe-
male (60%), mean age 56-years, and 78% had adult-
onset asthma. Disease severity was high with 70% 
reporting at least two exacerbations needing oral corti-
costeroids (OCS) in the past 12 months, 79% taking 
biologic therapy and 30% being on maintenance OCS

(m-OCS). However patient demographics and clinical 
characteristics varied considerably across countries 
(Table 1 and Supplementary Results).

Comorbidity burden
Comorbidities were defined according to local norms. 
Not all of the 23 comorbidities captured across SHARP 
were recorded in every country (Supplementary 
Figure S1). Sinonasal disease was the most prevalent 
comorbidity in eight countries, and obesity, bronchiec-
tasis, and gastro-oesophageal reflux disease (GORD) 
were most prevalent in one country each. Nevertheless, 
considerable heterogeneity in individual comorbidity
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Fig. 1: Patient, comorbidity and multimorbidity counts by country plus regional patient distribution. a) Patient counts by country; b) 
Boxplot of Number of Comorbidities per patient, by country; c) Percentage of patients with one or more comorbidity, by country; d) Number 
of patients by European region. Abbreviations HR; Croatia, HU; Hungary, LT Lithuania, LV; Latvia, NL; Netherlands, PL; Poland, RO; Romania, 
RS; Serbia, SE; Sweden, SI, Slovenia; TR; Türkiye.
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Variable HR
 
N
 
= 215 HU

 
N
 
= 140 LT

 
N
 
= 106 LV

 
N
 
= 52 NL N 

= 1270 PL N 
= 345 RO

 
N
 
= 38 RS N 

= 170 SE N
 
= 100 SI N 

= 193 TR
 
N
 
= 61

Age at index date 58
 
(14) 56

 
(12) 58

 
(11) 60

 
(12) 56

 
(15) 55 (14) 51 (14) 53 (12) 59

 
(13) 57 (13) 49

 
(11)

Female 143 (67%) 94
 
(67%) 71 (67%) 37 (71%) 693 (55%) 227 (66%) 24

 
(63%) 117 (69%) 51 (51%) 109

 
(56%) 38

 
(62%)

Height (cm) 166
 
(12) 167 (11) 168

 
(10) 167 (10) 172 (11) 167 (11) 169

 
(6) 168

 
(9) 172 (11) 170

 
(10) 164

 
(10)

Weight (kg) 76
 
(17) 77 (16) 81 (16) 81 (23) 84

 
(17) 79

 
(19) 71 (13) 76

 
(17) 80

 
(18) 80

 
(18) 75 (13)

BMI (kg/m
 

2
 ) 27⋅3 (5⋅8) 27⋅4

 
(5⋅1) 29⋅0

 
(5⋅5) 29⋅0

 
(7⋅0) 28⋅1 (5⋅3) 28⋅6

 
(6⋅0) 24⋅8

 
(4⋅9) 26⋅7 (5⋅2) 26⋅9

 
(5⋅8) 27⋅8

 
(5⋅3) 27⋅8

 
(4⋅5)

Onset of Asthma
Childhood onset 32 (15%) 32 (23%) 11 (12%) 9

 
(18%) 312 (27%) 78

 
(24%) 6

 
(17%) 26

 
(15%) 16

 
(17%) 25 (15%) 2 (3%)

Adult onset 181 (85%) 108
 
(77%) 84

 
(88%) 42 (82%) 836

 
(73%) 247 (76%) 29

 
(83%) 144

 
(85%) 80

 
(83%) 142 (85%) 59

 
(97%)

Smoking History
Current smoker 18

 
(8%) 5 (4%) 6

 
(6%) 00

 
(0%) 14

 
(1%) 00

 
(0%) 2 (5%) 16

 
(9%) 00

 
(0%) 2 (1%) 1 (2%)

Previous smoker 66
 
(31%) 16

 
(11%) 20

 
(20%) 8

 
(16%) 537 (43%) 42 (12%) 10

 
(26%) 47 (28%) 20

 
(20%) 68

 
(37%) 10

 
(16%)

Never smoked 131 (61%) 119
 
(85%) 76

 
(75%) 43 (84%) 710

 
(56%) 302 (88%) 26

 
(68%) 107 (63%) 80

 
(80%) 113 (62%) 50

 
(82%)

Pack years 25 (12, 38) 10
 
(7, 12) 13 (5, 30) 15 (9, 24) 11 (5, 22) 10

 
(5, 20) 15 (5, 30) 15 (10, 30) 10

 
(5, 14) 15 (8, 28) 6

 
(5, 7)

Clinical Features
Atopy 110

 
(51%) 75 (54%) 31 (29%) 13 (25%) 606

 
(48%) 142 (41%) 8

 
(21%) 98

 
(58%) 34

 
(34%) 67 (35%) 25 (41%)

FEV
 1 

pre-BD
 
as % 

predicted 63 (21) 64
 
(19) 68

 
(22) 67 (18) 80

 
(20) 65 (21) 67 (24) 69

 
(17) 76

 
(20) 72 (19) 72 (20)

FEV
 1 

post-BD
 
as % 

predicted 61 (20) 63 (15) 69
 
(22) 72 (20) 84

 
(20) 66

 
(21) NA 70

 
(17) 74

 
(18) 69

 
(17) 73 (16)

FEV
 1 
/FVC

 
as % 

predicted 73 (15) 72 (17) 74
 
(20) 73 (15) 82 (15) 71 (15) NA 62 (11) 70

 
(15) 67 (17) 72 (13)

FeNO
 
(ppb) 36

 
(20, 61) 34

 
(22, 53) 30

 
(21, 56) 22 (12, 39) 33 (19, 54) 32 (16, 50) 12 (4, 27) 38

 
(19, 71) 25 (18, 50) 49

 
(30, 79) 17 (16, 20)

Blood eosinophil count (x10 
9
 /L) 0⋅31 (0⋅1, 0⋅7) 0⋅50

 
(0⋅3, 0⋅8) 0⋅46

 
(0⋅2, 0⋅7) 0⋅52 (0⋅3, 0⋅7) 0⋅35 (0⋅2,

0⋅7)
0⋅23 (0⋅1, 0⋅5) 0⋅26

 
(0⋅1,

0⋅9)
0⋅41 (0⋅2, 0⋅7) 0⋅40

 
(0⋅1, 0⋅8) 0⋅36

 
(0⋅2, 0⋅6) 0⋅70

 
(0⋅4, 1⋅2)

Asthma control
Well controlled 54

 
(34%) 44

 
(31%) 17 (17%) 5 (12%) NA 45 (17%) 3 (27%) 30

 
(18%) 45 (49%) 80

 
(48%) 18

 
(36%)

Partly controlled 32 (20%) 58
 
(41%) 19

 
(19%) 6

 
(15%) NA 73 (28%) 1 (9%) 47 (28%) 16

 
(18%) 28

 
(17%) 7 (14%)

Poorly controlled 73 (46%) 38
 
(27%) 62 (63%) 30

 
(73%) NA 140

 
(54%) 7 (64%) 90

 
(54%) 30

 
(33%) 59

 
(35%) 25 (50%)

≥2 exacerbations/yr 115 (66%) 108
 
(77%) 86

 
(91%) 44

 
(86%) 799

 
(66%) 119

 
(46%) 13 (65%) 153 (91%) 41 (93%) 156

 
(82%) 50

 
(93%)

Biologic treatment 124
 
(58%) 70

 
(50%) 79

 
(75%) 27 (52%) 1148

 
(90%) 280

 
(81%) 23 (61%) 111 (65%) 82 (82%) 132 (68%) 46

 
(75%)

Maintenance OCS, n (%) 77 (36%) 23 (16%) 11 (10%) 15 (29%) 418
 
(33%) 48

 
(14%) 7 (18%) 67 (39%) 19

 
(19%) 91 (47%) 29

 
(48%)

Abbreviations: BMI; body mass index, cm; centimetre, FeNO, fractional exhaled nitric oxide, FEV 1 ; forced expiratory volume in
 
1 s, FVC; forced vital capacity, HR; Croatia, HU; Hungary, LT; Lithuania, LV; Latvia, NL, Netherlands, OCS; oral 

corticosteroids, PL; Poland, PP; percentage predicted, ppb; parts per billion, RO; Romania, RS; Serbia, SE; Sweden, SI, Slovenia, TR; Türkiye.

Table 1: Demographic data for participants by country as mean
 
(SD) or median

 
(interquartile range) or n (%).
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prevalence was observed by country (see Supplementary 
Results and Supplementary Figure S1).

Multimorbidity burden and clustering of 
comorbidities
Across countries, we observed a median of three 
comorbidities per patient, in addition to severe asthma 
(Fig. 1b). Between 87 and 100% of patients had at least 
one additional comorbidity (Fig. 1c). Countries were 
grouped into four geographical regions (Fig. 1d and 
Supplementary Table S1) and a total of ten comorbid-
ities had a ≥5% prevalence in all four regions 
(Supplementary Table S3). These were: osteoporosis, 
steroid-induced weight gain, eczema, rhinitis, chronic 
sinusitis, nasal polyps, obesity, GORD, bronchiectasis, 
and psychological comorbidities. Substantial heteroge-
neity in prevalence of these comorbidities was noted by 
region (Supplementary Table S3).

Three pairs of ‘anchor’ comorbidities clustered 
together in all four European regions (Fig. 2, 
Supplementary Figures S2, and S3). These were Cluster 
1: osteoporosis and steroid induced weight gain; Clus-
ter 2: eczema and rhinitis and Cluster 3: chronic 
sinusitis and nasal polyps (Fig. 2). The four remaining 
comorbidities (obesity, bronchiectasis, GORD, and 
psychological comorbidities) localised to Cluster 1 or 
Cluster 2, depending on European region (Fig. 2). None 
of the latter co-aggregated with Cluster 3 in any Euro-
pean region. In what follows, we term these four as 
‘fluidly-assigned’.

Patient assignment by multimorbidity phenotypes
It was observed that individual patients might exhibit 
comorbidities in 0,1,2, or all 3 clusters (Fig. 3). Each pa-
tient was therefore assigned to a multimorbidity pheno-
type (MMP) according to whether they had none of the 
six highlighted anchor comorbidities (MMP u [unclus-
tered multimorbidity]), comorbidities from a single clus-
ter (MMP ster [steroid-associated multimorbidity], MMP 
all [allergy-associated multimorbidity], or MMP sn 
[sinonasal-associated multimorbidity]), comorbidities 
from two clusters (MMP ster-all [steroid + allergy-associ-
ated multimorbidity], MMP ster-sn [steroid + sinonasal-
associated multimorbidity], or MMP all-sn 
[allergy + sinonasal-associated multimorbidity]), or 
comorbidities from all three clusters (MMP123 max; 
maximal multimorbidity). Geographical heterogeneity 
was evident for each MMP group (Table 2). MMP sn was 
the most prevalent for seven countries, and MMP u was 
most prevalent in the remaining four.

Clinical traits of multimorbidity phenotypes
Different MMPs displayed numerous distinctive clin-
ical traits (Fig. 4) while the four fluidly-assigned 
comorbidities were variably present across all MMPs. 
Biologic treatment was consistently high across MMPs 
(74%–84%). Steroid related side effects were variable,

with higher levels seen in MMP max (Supplementary 
Table S4).

Patients in MMP u (unclustered multimorbidity; 
19%) had latest asthma onset, were more likely to 
currently smoke, have lower lung function, and poorly 
controlled asthma. Their use of m-OCS and biologic 
treatments were low. Despite not demonstrating anchor 
comorbidities, they were not necessarily comorbidity-
free. Only 37% of MMP u demonstrated none of the 
ten most prevalent comorbidities; 37% had obesity, 
17% bronchiectasis, 12% psychological comorbidity, 
and 16% GORD. Whilst obesity was high, rates of other 
steroid related comorbidities were low.

Forty two percent of patient phenotypes were cat-
egorised by a single comorbidity cluster. Patients in 
MMP ster (8% of all patients) had high smoking his-
tories, highest m-OCS use, highest rate of frequent 
exacerbation (≥2 in prior year), worst asthma control 
and lung function plus highest prevalence of obesity 
and any of the fluidly assigned comorbidities. They 
showed low T2-traits (blood eosinophil counts [BEC] 
and Fractional Exhaled Nitric Oxide [FeNO]). Patients 
in MMP all (9%) had early-onset asthma, were less 
likely to smoke or be on m-OCS, with lower rates of 
steroid related comorbidities, and had lower T2-traits 
and fewer asthma exacerbations. MMP sn (25%) was 
the commonest single comorbidity group and had older 
age of asthma onset, highest male prevalence, highest 
T2-traits, better lung function, lowest rates of poor 
asthma control and of taking m-OCS, plus lower rates 
of steroid related comorbidities. Patients in both MMP 
all, and MMP sn had lower obesity prevalence and were 
more likely to have none of the fluidly-assigned 
comorbidities.

Thirty one percent of patients were categorised by 
membership of two comorbidity clusters. MMP ster-all 
showed strong female predominance, earlier onset 
asthma, low T2-traits, spirometry with a normal ratio, 
highest biologic use, and high prevalence of obesity 
plus other fluidly assigned comorbidities. MMP ster-sn 
patients demonstrated better spirometry, greater T2 
inflammatory indices and m-OCS treatment plus high 
prevalence of obesity and other fluidly assigned 
comorbidities. MMP all-sn patients had the lowest rates 
of current smokers, better FEV 1 , low m-OCS use, 
lowest obesity, were more likely to have no fluidly 
assigned comorbidities and well controlled asthma. 

Lastly, MMP max (8%) comprised more female pa-
tients, with high levels of m-OCS and higher BEC. High 
levels of fluidly-assigned and steroid related comorbid-
ities were present in this group.

Discussion
To our knowledge, this SHARP study provides the first 
characterisation of multimorbidity phenotypes and 
their associated traits in severe asthma. These
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phenotypes were derived in a stepwise approach. First, 
we followed an unbiased clustering approach using the 
ten commonest comorbidities present across all four 
regions of Europe. Patients were then assigned to 
multimorbidity phenotypes according to cluster align-
ment. Two phenotypes, 1) sinonasal-associated (MMP 
sn) and 2) an unclustered phenotype (MMP u) were 
consistently commonest in the different European 
countries. Greatest morbidity was observed in a steroid-
associated phenotype (MMP ster), a maximal multi-
morbidity phenotype (MMP max) and the unclustered 
phenotype (MMP u). Conversely, the sinonasal-
associated multimorbidity phenotype (MMP sn) 
showed a more airway-centric characterisation and 
better asthma control. These findings complement the 
recently described multimorbidity in difficult asthma

score (MiDAS). 8 That score clearly showed the detri-
mental association of multimorbidity in difficult 
asthma. MiDAS also highlighted which comorbidities 
(obesity, bronchiectasis, breathing pattern disorder, 
GORD, non-steroidal anti-inflammatory disease, sleep 
apnoea) were most relevant to those effects. It poten-
tially identifies those difficult asthma patients most at 
risk of adverse asthma and general health outcomes 
from their multimorbidity. This is clinically relevant 
since treating multimorbidity in difficult asthma can 
improve patient outcomes. 5 The present study advances 
that understanding by revealing the granular patterns 
of multimorbidity in severe asthma that could be 
detected by clinicians (Supplementary Figure S6). In 
turn, it raises possible avenues for addressing them in a 
targeted or trait-specific manner.

Osteoporosis

OCS weight

Obesity

Bronchiectasis

GORD

Psychological

Eczema

Rhinitis

Sinusitis

Nasal polyp

Comorbidity
Cluster

1

2

3

Comorbidity West North East South

Fig. 2: Comorbidity Clusters as defined by geographical region. Abbreviations GORD; gastroesophageal reflux disease, OCS weight; oral 
corticosteroid related weight gain, Psychological; depressive disorder or steroid-induced depression.
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This study using the SHARP Central database iden-
tified extremely high prevalence of multimorbidity in 
severe asthma. This association with multimorbidity was 
demonstrated across 11 European countries despite 
marked variation in individual comorbidity prevalence 
between countries. Cluster analysis identified three pairs 
of anchor comorbidities consistently co-aggregated 
across the four European regions studied: 1) osteopo-
rosis plus steroid-induced weight gain, 2) eczema plus 
rhinitis, and 3) chronic sinusitis plus nasal polyps. These 
novel comorbidity clusters are biologically plausible, and 
replicated across the four defined geographical regions 
in Europe. The remaining four fluidly-assigned comor-
bidities (obesity, GORD, bronchiectasis, and

psychological comorbidity) clustered variably by 
geographical region.

Despite considerable variability in individual co-
morbidity prevalence across European regions, we 
observed consistent replicability of multimorbidity 
phenotypes across those same regions. Variability in 
comorbidity prevalence may reflect regional differences 
in genetic, epigenetic, behavioural/cultural and envi-
ronmental factors. 15 This heterogeneity may also reflect 
differing collection of comorbidity data, possibly influ-
enced by diverse physician perceptions, clinical recog-
nition and awareness of multimorbidity and available 
multidisciplinary team (MDT) support. Our work sug-
gests that future standardisation and expansion of

Cluster1
214 (8 %)

Cluster2
247 (9 %)

Cluster3
679 (25 %)

None
502 (19 %)

119 (4 %)

351 (13 %)
366 (14 %)

212 (8 %)

a

1.2 1.0 0.8 0.6 0.4 0.2 0.0

Chronic sinusitis

Nasal polyps

Eczema

Rhinitis

Osteoporosis

Steroid-induced weight gainb

Fig. 3: Distribution of patients according to the presence of comorbidities in 0, 1, 2 or all 3 comorbidity clusters. a) Euler diagram of 
patient counts according to their multimorbidity profile. b) The three comorbidity clusters that were consistently detected across all four 
regions of Europe. Purple denotes cluster 1; green denotes cluster 2; yellow denotes cluster 3.
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comorbidity recording within severe asthma treatment 
pathways is warranted and may facilitate better asthma 
management and outcomes. In SHARP, a planned 
Clinical Protocol for use by participating countries 
should facilitate better future data harmonisation. 

Whilst other national and international registries have 
explored clustering approaches to phenotype severe 
asthma, 2,16–18 these studies have approached severe asthma 
from an airway centric perspective. As the first study to 
cluster severe asthma using comorbidities, we bring a 
novel addition to the literature that provides a holistic 
view encompassing multimorbidity in severe asthma. 

Several of the MMPs identified in this study merit 
particular clinical awareness. MMP ster might be 
regarded as a potentially iatrogenic steroid-associated 
multimorbidity group. Any of the MMPs carrying 
cluster 1 demonstrated higher asthma related 
morbidity. In relation to MiDAS, these phenotypes can 
be anticipated to score higher and experience worse 
asthma outcomes. Greater exposure to OCS is known to 
be associated with higher levels of OCS-related 
comorbidities in asthma patients. 19 Our steroid-
associated MMPs provide the first demonstration of 
such associations in a multimorbidity context. We also 
novelly demonstrate their alignment in such a frame-
work with numerous worse asthma severity outcomes 
despite high steroid and biologic treatment use. Their 
high disease burden and worse lung function despite 
biologic therapy is a cause for concern. It has been 
shown that comorbidities and longer disease duration 
prior to commencing biologics can be associated with 
less biologic-induced severe asthma remission. It may 
be that steroid-associated multimorbidity phenotypes 
are especially susceptible to such effects. 7 Indeed, such 
multimorbidity phenotypes and their clinical features 
may partly reflect the effect of delayed intervention with 
targeted biologics. 20 Additionally, their lower T2-traits

may reflect OCS suppressant effects rather than “non-
T2 status”, since most severe asthma demonstrates T2 
signals. 21,22 Conversely, some of these patients may 
actually have a “symptom high, biomarker low” state 
less suited to T2-targeted treatments but potentially in 
need of more holistic (and less airway-centric) assess-
ment and management of their symptoms. Regardless 
of that point, this overall phenotype, and its associated 
morbidity, might be prevented by avoidance of OCS 
over-reliance in future clinical management. This could 
be either earlier consideration of biologic treatments 
where clinically appropriate, and/or focus on other co-
morbidity management as directed by a tool like 
MiDAS. 23

MMP ster-all also showed high morbidity. They may 
represent an early onset, atopic phenotype, 24,25 with 
their comorbidity burden partly reflecting their disease 
duration and its secondary health characteristics. Lower 
airway-centric T2-traits may partly reflect treatment 
suppressive effects, but also distinct inflammatory 
pathways associated with a more allergic tendency. 
Their residual disease morbidity raises potential need to 
target such comorbidities as a means to further 
improve their clinical outcomes.

MMP max had the greatest collective (both anchor 
and fluidly assigned) comorbidity burden. MMP max 
were most likely to be female, with poorer asthma 
control and higher BEC despite higher m-OCS and 
biologic use. Steroid related comorbidities were high in 
this MMP. In relation to MiDAS, this phenotype can be 
expected to score highly and experience a high level of 
associated adverse health outcomes. This implies a 
group of patients for whom T2 high disease persists 
despite either biological treatment and/or steroids, and 
who suffer substantial multimorbidity, and for whom 
novel multimodal treatment approaches beyond those 
currently available are likely to be needed. 26

Country MMP u 
N = 502

MMP ster 
N = 214

MMP all 
N = 247

MMP sn 
N = 679

MMP ster-all 
N = 119

MMP ster-sn 
N = 351

MMP all-sn 
N = 366

MMP max 
N = 212

Croatia (HR) 24 (11%) 17 (8%) 13 (6%) 45 (21%) 11 (5%) 43 (20%) 25 (12%) 37 (17%)
Hungary (HU) 6 (4%) 2 (1%) 17 (12%) 43 (31%) 14 (10%) 30 (21%) 14 (10%) 14 (10%)
Latvia (LV) 4 (8%) 6 (12%) 3 (6%) 25 (48%) 3 (6%) 4 (8%) 5 (10%) 2 (4%)
Lithuania (LT) 49 (46%) 6 (6%) 6 (6%) 23 (22%) 2 (2%) 8 (8%) 9 (9%) 3 (3%)
Netherlands (NL) 209 (17%) 116 (9%) 78 (6%) 302 (24%) 65 (2%) 201 (16%) 180 (14%) 119 (9%)
Poland (PL) 90 (26%) 21 (6%) 81 (24%) 81 (24%) 10 (3%) 4 (1%) 46 (13%) 12 (4%)
Romania (RO) 16 (42%) 1 (3%) 3 (8%) 12 (32%) 00 (0%) 4 (11%) 2 (5%) 00 (0%)
Serbia (RS) 39 (23%) 11 (7%) 20 (12%) 55 (32%) 2 (1%) 14 (8%) 26 (15%) 3 (2%)
Slovenia (SI) 38 (20%) 26 (14%) 18 (9%) 36 (19%) 10 (5%) 29 (15%) 23 (12%) 13 (7%)
Sweden (SE) 19 (19%) 3 (3%) 6 (6%) 36 (36%) 00 (0%) 9 (9%) 24 (24%) 3 (3%)
Türkiye (TR) 8 (13%) 5 (8%) 2 (3%) 21 (34%) 2 (3%) 5 (8%) 12 (20%) 6 (10%)

Abbreviations: MMP; multimorbidity phenotypes. Clinical phenotypes: MMP u – Unclustered multimorbidity, MMP ster – Steroid-associated multimorbidity, MMP all – Allergy-associated 
multimorbidity, MMP sn- Sinonasal-associated multimorbidity, MMP ster-all – Steroid + allergy-associated multimorbidity, MP ster-sn – Steroid + sinonasal-associated multimorbidity, MP all-sn – 
Allergy + sinonasal-associated multimorbidity, MP max – maximal multimorbidity.

Table 2: Multimorbidity phenotypes by country n (%).
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Sinonasal-associated MMPs were common, with 
MMP sn being the most prevalent phenotype in seven 
countries. Patients in MMP sn and MMP all-sn showed 
a more benign status; perhaps unexpected given their 
T2 high status but homologous with the concept of late 
onset T2 high, airway-centric disease. 24 They showed 
greater well controlled asthma, strong T2-traits, and 
were least likely to be smokers, with preserved lung 
function. This perhaps reflects a disease phenotype that 
responds well to conventional T2-focused airway

treatments. That concept aligns with recent demon-
stration that both chronic rhinosinusitis and nasal 
polyps are associated with better biologic responses in 
severe asthma. 27 We extend those findings by showing 
that still to be the case when viewed under a wider 
multimorbidity perspective. A narrower multimorbidity 
profile would align with lower MiDAS and better clin-
ical outcomes. Apart from bronchiectasis, they showed 
lower levels of the fluidly assigned comorbidities. 
Contrastingly, MMP ster-all (steroid + sinonasal-

59% 62% 65% 54% 68% 62% 56% 69%

41yr 38yr 27yr 39yr 27yr 38yr 31yr 31yr

4% 4% 2% 2% 3% 2% 1% 2%

35% 41% 22% 32% 28% 36% 25% 32%

70% 67% 72% 76% 73% 75% 76% 73%

74% 75% 76% 77% 81% 79% 78% 79%

32 31 29 40 26 38 33 32

0·30 0·29 0·25 0·46 0·29 0·41 0·42 0·40

20% 20% 23% 35% 28% 30% 38% 27%

55% 64% 49% 38% 55% 43% 40% 52%

66% 78% 75% 75% 75% 62% 70% 69%

19% 57% 14% 21% 45% 52% 18% 52%

75% 81% 78% 81% 84% 74% 79% 80%

37% 42% 29% 21% 41% 39% 19% 37%

17% 20% 12% 24% 15% 21% 13% 17%

12% 16% 10% 9% 27% 17% 12% 22%

16% 26% 21% 21% 35% 37% 31% 47%

37% 27% 45% 43% 30% 29% 48% 24%

MMP u ster all sn ster−all ster−sn all−sn max

None Fluidly Assigned

Bronchiectasis

Psychological Cond.

GORD

Obesity

Biologics

Maintenance OCS

Frequent exacerbation

Asthma poorly controlled

Asthma well controlled

Median blood eos.

Median FeNO (ppb)

FEV1/FVC (PP)

FEV1 pre−BD (PP)

Previous smoker

Current smoker

Mean age of onset

Female

Fig. 4: Key patient characteristics by multimorbidity phenotype. Values are colour coded, blue to red to indicate low to high. Abbreviations 
BD; bronchodilator, blood eos.; blood eosinophils (10 9 /L), FeNO, fractional exhaled nitric oxide, FEV 1 ; Forced Expiratory Volume in 1 s, FVC; 
forced vital capacity, MMP; multimorbidity phenotype, OCS; oral corticosteroids, PP; percentage predicted, ppb; parts per billion, Psychological 
Cond.; Psychological Condition (depressive disorder or steroid-induced depression). Statistical tests of heterogeneity (chi-squared/Wilcoxon) 
gave p < 0.001 for all rows except FEV1/FVC (%) and Biologic, for which both p = 0.029. Clinical phenotypes: MMP u—Unclustered mul-
timorbidity, MMP ster—Steroid-associated multimorbidity, MMP all—Allergy-associated multimorbidity, MMP sn- Sinonasal-associated 
multimorbidity, MMP ster-all—Steroid + allergy-associated multimorbidity, MMP ster-sn—Steroid + sinonasal-associated multimorbidity, 
MMP all-sn—Allergy + sinonasal-associated multimorbidity, MP max—maximal multimorbidity.
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associated) had high prevalence of both obesity and 
GORD accompanied by high m-OCS but lowest bio-
logic use, high T2-traits and poorer asthma control. 
This could represent a subtype of more severe sinonasal 
disease that ends up being treated with excessive m-
OCS. This, in turn, may facilitate a multimorbidity 
model with obesity and GORD that collectively sustains 
a more severe asthma phenotype. Their MiDAS would 
be expected to be worse. Their treatment may benefit 
from earlier biologic access alongside management of 
the components of their multimorbidity via a person-
alised precision medicine approach.

Four of the comorbidities assessed in our initial 
clustering analysis did not cluster consistently with 
other comorbidities across the four European regions. 
At least one of these fluidly assigned comorbidities 
occurred in over 50% of each MMP. These fluidly 
assigned comorbidities, namely bronchiectasis, 28 

obesity, 7 GORD, 28 and psychological comorbidity, 28,29 

have all individually shown association with adverse 
health outcomes in severe asthma. Furthermore, both 
bronchiectasis and GORD have been shown to be in-
dependent predictors of poor disease control in severe 
asthma over a 5-year follow-up period. 3 Additionally, 
obesity, GORD, and bronchiectasis are all associated 
with worse asthma severity status within MiDAS. They 
therefore strongly merit screening for, and treatment 
when present, in severe asthma patients.

Obesity merits particular attention among the fluidly 
assigned comorbidities. It showed highest prevalence in 
the MMPs with highest m-OCS use (MMP ster, MMP 
ster-all, MMP ster-sn, MMP max) suggesting cortico-
steroid association. In this context, steroid induced 
weight gain could be viewed as both an iatrogenic 
consequence of treatment with OCS as well as a co-
morbidity arising from that exposure. However, obesity 
prevalence was also high (37%) in MMP u, who re-
ported low m-OCS use and low rates for other steroid-
related comorbidities, demonstrating that obesity in 
severe asthma is likely to be multifactorial. Indeed, the 
association of asthma and obesity is bidirectional. 
Asthma itself has been demonstrated to be associated 
with a higher risk of developing obesity, particularly in 
those who are non atopic, with longer disease duration 
and on OCS. 30 This is noteworthy since MMP u was the 
most prevalent multimorbidity phenotype in four coun-
tries. Such findings extend those from ISAR, where 
obesity was not significantly associated with higher m-
OCS use. 2 An intriguing novel concept is of persistent T2 
metabolic-driven inflammation, with data emerging that 
obesity is associated with T2 inflammation in asthma. 31 

Given negative impacts of obesity on asthma biologic 
responses, this subset of T2 inflammation may be less 
responsive to current biologic treatments. 7 MiDAS 
demonstrated association of worse multimorbidity with 
T2 cytokines, which are also higher in obesity, high-
lighting complex interrelationships that require further

research. It is important to note that our present cross-
sectional analysis cannot explore potential confounding 
by access to biologic treatments by country and subse-
quent impact on T2 signal, asthma outcomes, steroid use 
and steroid side effects. Future, planned work will seek 
to investigate such temporal associations along with 
longitudinal outcomes, by phenotype. Regardless, our 
findings of prominent association between obesity and 
multiple worse outcome MMPs further emphasises the 
need to actively address obesity management in severe 
asthma patients.

Strengths of this work include the large number of 
patients across a wide geographical area in Europe, and 
employment of an unbiased clustering analysis 
approach. Our sizeable study population reflected the 
nature of severe asthma patients encountered in real-
world settings across multiple countries and therefore 
was representative of patients routinely encountered in 
clinical practice. The analyses, grouped into four 
geographical regions, offer internal replication within 
the SHARP dataset, mitigating criticisms about lack of 
external replication. Similar to any central registry, we 
are limited by the extent of the data captured in the 
national registries and their retrospective nature. It is 
also noted that data are from a number of different 
registries. Kroes et al. describe how these data are 
harmonised into the Observational Medical Outcomes 
Partnership Common Data Model to allow analyses 
across registries. 32 Biological measures and clinical 
status measures were not always from contempora-
neous timepoints in registries. National (country-spe-
cific) reimbursement/eligibility criteria for biologics 
might have meaningful impact on severe asthma pa-
tient characteristics captured in respective national 
registries. Thus, observed differences linked to OCS-
related comorbidities may, in part, result from local 
health systems and severe asthma network specificities 
including referral criteria. Comorbidity data capture 
may be influenced by local prevalence, but also by 
physician bias, the availability of local diagnostics and 
access to a broader MDT with the skills to address these 
comorbidities, when identified. This is particularly 
relevant to the omission of cardiovascular comorbid-
ities, aspirin sensitivity and breathing pattern disorder. 
These would have been important to include but were 
not available in the dataset. Future asthma research 
needs to assess for such wider comorbidities. We 
acknowledge the limitation that in our study, the West 
of Europe data was drawn solely from the Netherlands. 
We, therefore, may not have captured the full diversity 
of severe asthma multimorbidity within the region. 

The range of West European countries were limited 
only by engagement from other countries in that re-
gion. However, it should also be noted that the Dutch 
National Registry was the largest contributing national 
dataset, ensuring a substantial representation from the 
West of Europe in our analysis. That non uniform
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sampling, in turn, may be viewed as a potential study 
limitation. Yet, despite this fact we saw consistent 
findings across the different regions of Europe sup-
porting their wider relevance and generalisability. 
Ethnicity data was also not collected in SHARP and 
future work should assess whether multimorbidity 
phenotypes are influenced by factors such as ethnicity. 
A further potential limitation is that we have confined 
our present analysis to cross-sectional data. That in part 
reflects the need to initially identify and comprehen-
sively characterise these novel multimorbidity pheno-
types for the first time. Furthermore the SHARP 
dataset for this study currently has limited longitudinal 
outcome data availability. These combined consider-
ations place inclusion of longitudinal outcomes beyond 
the scope of the present paper. Future planned work 
will therefore investigate longitudinal outcomes, by 
phenotype. Another limitation is the lack of data on 
hospital admissions and quality of life for these multi-
morbidity phenotypes. While that would have been very 
informative it was unfortunately not available in the 
current SHARP dataset. That dataset though did have 
data on a wide range of outcome domains including 
asthma control, exacerbations, lung function and m-
OCS needs. Therefore, meaningful multidimensional 
understanding of phenotype severity was still possible. 
The SHARP dataset also lacked certain parameters 
(non-steroidal anti-inflammatory exacerbated respira-
tory disease and breathing pattern disorder) core to 
MiDAS. This meant that we could not directly assess 
our multimorbidity phenotypes against MiDAS. 
Nevertheless we were still able to broadly estimate their 
anticipated alignment with MiDAS. Finally, there is 
potential for cross-over between comorbidity labels; for 
example, chronic sinusitis and rhinitis may be used 
interchangeably by some. However, these are clinically 
distinct entities, with different aetiologies 33 and the co-
morbidity categories used in SHARP are sufficiently 
distinct to infer identification of separate comorbidities.

In conclusion, we have demonstrated that most pa-
tients with severe asthma experience multimorbidity 
and that there are distinct multimorbidity phenotypes 
in severe asthma with different adverse outcome risks. 
Previously, understanding of multimorbidity in severe 
asthma was largely based on clinical intuition. The 
current study helps fill that knowledge gap. The find-
ings provide an important evidenced reference point 
from which clinicians can better address the full needs 
of their patients with severe asthma. The identification 
of MMPs with worse outcomes highlight the impor-
tance of holistic severe asthma management, address-
ing multimorbidity burden alongside T2 inflammation, 
and offer structure to assessment of multimorbidity 
within the clinic. The fact that some of the more severe 
MMPs were steroid-associated emphasises the need to 
eradicate oral steroid dependency in severe asthma 
management. It guides clinical thinking towards earlier

consideration of biologic therapy where that is most 
appropriate. It also highlights need for a considered 
approach to understand more complex symptom pre-
sentations where factors beyond airway pathophysi-
ology are likely to be relevant. Given globally rising 
rates of obesity 34 and associated metabolic dysfunc-
tion, 35 diabetes, 36 anxiety and depression, 37 multi-
morbidity will remain a burden for patients with severe 
asthma independent of OCS usage. Alongside insights 
provided by MiDAS, 8 identification of multimorbidity 
phenotypes that are stable across geographical regions, 
offer structure and clinically applicable frameworks, to 
take recognition, assessment and management of se-
vere asthma to another level of precision medicine. 
That may not only deliver patient-level but health eco-
nomic benefits through optimised resource use and 
improved patient outcomes. 23 Ultimately such better 
multimorbidity-based phenotypic understanding may 
also facilitate new more patient-centred and holistic 
treatment models for patients with severe asthma to 
better address and improve “whole patient” outcomes.
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