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Original Article

Effects of Obesity on Response to Asthma Biologic 
Treatment: Longitudinal Data From the United 
Kingdom Severe Asthma Registry

Sherif Gonem, PhD a,b , Charlene Redmond, PhD c , John Busby, PhD d , Pujan Patel, MD e , David J. Jackson, PhD f,g , 
Adel H. Mansur, PhD h,i , Paul Pfeffer, PhD j,k , Thomas Pantin, MB ChB l , Thomas Brown, PhD m , Mitesh Patel, PhD n,
Elfatih Idris, MB BS o , Deepak Subramanian, MB ChB p , Hassan Burhan, MB ChB q , Shamsa Naveed, PhD r ,
Shoaib Faruqi, MD s , Hitasha Rupani, PhD t,u , Aashish Vyas, MD v , Matthew Masoli, MB BS w , Rekha Chaudhuri, MD x,y , 
Simon Message, PhD z , Martin Doherty, MB BS aa , David Sammut, PhD bb , and Liam G. Heaney, MD c,cc , on behalf of the 
UK Severe Asthma Registry Nottingham, Belfast, London, Birmingham, Manchester, Portsmouth, Plymouth, Stoke-on-Trent, Derby, 
Liverpool, Leicester, Hull, Southampton, Lancashire, Exeter, Glasgow, Gloucestershire, West Midlands, and Sheffield, United Kingdom

What is already known about this topic? Obesity is an important asthma-related comorbidity that is associated with a 
high symptom burden and disproportionately affects women with the condition.

What does this article add to our knowledge? Asthma biologic agents have important benefits in appropriately 
selected patients regardless of body mass index. However, obese patients start at a worse baseline and are therefore 
more likely to remain uncontrolled after treatment.

How does this study impact current management guidelines? Patients with obesity and asthma may benefit from 
specialist weight loss therapies as well as biologic agents. Studies investigating the effects of newer weight loss 
pharmacotherapies in this patient group would be justified.

BACKGROUND: Obesity is a common comorbidity associated 
with poor outcomes in severe asthma.
OBJECTIVE: We aimed to determine whether obesity is 
associated with an altered response to severe asthma biologic 
agents.

METHODS: We analyzed data from the UK Severe Asthma 
Registry, a large UK-wide cohort of patients attending regional 
severe asthma services. We analyzed the change in clinical 
outcomes between baseline and first annual review visit by body 
mass index (BMI) category (healthy range [18.50-24.99],
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Abbreviations used
ACQ-6- Asthma Control Questionnaire-6 score 
ACT- Asthma Control Test
BMI- Body mass index
ED- Emergency department

FeNO- Fractional exhaled nitric oxide
FEV 1 - Forced expiratory volume in 1 second 
FVC- Forced vital capacity
IQR- Interquartile range

mOCS-Maintenance oral corticosteroid
OCS- Oral corticosteroid
SD- Standard deviation

UKSAR- United Kingdom Severe Asthma Registry

overweight [25.00-29.99], obese [30.00-39.99], and severely 
obese [≥40]) and biologic treatment status.
RESULTS: The study cohort comprised 1956 patients, of whom 
1477 (75.5%) commenced a biologic agent during the follow-
up. Baseline Asthma Control Questionnaire-6 (ACQ-6) scores 
and rates of exacerbations, emergency department attendances, 
and hospital admissions were higher with increasing BMI 
category. Biologic treatment was associated with significant 
additional improvement in ACQ-6, compared with patients not 
receiving biologics, in overweight, obese, and severely obese 
patients. However, the ACQ-6 score after biologic treatment 
remained significantly different across BMI categories, with the 
mean score being 1.3 in the healthy weight group and 2.8 in the 
severely obese group (P < .001). Biologic treatment was

associated with significant additional reductions in exacerbation 
rates in all BMI groups except for the severely obese group. 
CONCLUSIONS: Asthma biologic agents appear to have 
important clinical benefits across the spectrum of BMI. 
However, because patients with obesity start at a worse baseline 
with respect to symptoms and exacerbations, they are still more 
likely to remain uncontrolled after treatment. © 2025 The 
Authors. Published by Elsevier Inc. on behalf of the American 
Academy of Allergy, Asthma & Immunology. This is an open 
access article under the CC BY license (http://creativecommons. 
org/licenses/by/4.0/). (J Allergy Clin Immunol Pract 2025;■ 

:■-■)
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Obesity is an important comorbidity in patients with severe 
asthma, modifying the symptoms, physiology, inflammatory 
profile, and treatment response of the condition. 1 The obese 
asthma phenotype appears to particularly affect women. 2 

Obesity is a risk factor for incident asthma, 3 and conversely, 
asthma is associated with long-term weight gain. 4 There is evi-
dence that weight loss interventions can improve outcomes in 
obese patients with asthma. 5

A number of national severe asthma registries have reported 
cross-sectional data describing the characteristics of patients with 
different body mass index (BMI) categories. 6,7 Obesity is known 
to be an important barrier to achieving remission in patients 
with severe asthma. 8-10 We hypothesized that patients with 
obesity may have a less favorable response to biologic agents, 
either due to alterations in their asthma biology, or because, in
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some patients, symptoms may be primarily driven by obesity 
rather than asthma per se. To address this hypothesis, we un-
dertook a retrospective longitudinal analysis of the UK Severe

Asthma Registry (UKSAR), a well-described cohort of patients 
who have been reviewed in one of the tertiary severe asthma 
centers in the United Kingdom.

TABLE I. Baseline characteristics of study cohort stratified by body mass index category

Clinical or demographic characteristic

BMI category

P value
18.50-24.99
(Healthy range)

25.00-29.99
(Overweight)

30.00-39.99
(Obese)

≥40.00
(Severely obese)

No. of patients 380 (19.4%) 591 (30.2%) 756 (38.7%) 229 (11.7%)

Age (y) 49.6 (15.4) 52.4 (15.0) 50.8 (13.2) 47.0 (13.0) <.001

Age of onset (y) 25.9 (19.4) 27.4 (20.7) 24.0 (19.2) 19.9 (17.1) <.001

Gender

Female 235 (61.8%) 321 (54.3%) 499 (66.0%) 190 (83.0%) <.001

Male 145 (38.2%) 270 (45.7%) 257 (34.0%) 39 (17.0%)

Ethnicity

Caucasian 308 (83.2%) 468 (83.3%) 588 (82.4%) 193 (88.9%) .145

Non-Caucasian 62 (16.8%) 94 (16.7%) 126 (17.6%) 24 (11.1%)

BMI (kg/m 2 ) 22.8 (1.6) 27.6 (1.4) 34.2 (2.7) 45.6 (5.3) <.001

Smoking status

Never smoked 255 (68.7%) 380 (65.0%) 463 (62.1%) 132 (58.1%) .028

Ex-smoker 90 (24.3%) 180 (30.8%) 242 (32.5%) 79 (34.8%)

Current smoker 26 (7.0%) 25 (4.3%) 40 (5.4%) 16 (7.0%)

FEV 1 (% predicted) 68.0 (23.9) 68.9 (20.6) 66.7 (20.6) 67.4 (20.2) .341

FVC (% predicted) 88.0 (20.1) 87.1 (18.5) 82.4 (18.6) 79.0 (17.0) <.001

FEV 1 /FVC (%) 62.7 (26.8) 63.3 (14.2) 65.0 (14.1) 68.9 (13.1) <.001

ACQ-6 score 2.5 (1.7, 3.7) 3.0 (2.0, 3.8) 3.3 (2.3, 4.2) 3.7 (2.9, 4.7) <.001

Uncontrolled asthma (ACQ-6 > 1.5) 248 (77.0%) 415 (80.0%) 572 (89.4%) 192 (97.5%) <.001

Exacerbations (last year) 4 (3, 6) 5 (3, 7) 5 (3, 8) 6 (4, 9) <.001

Any ED attendance (last year) 140 (38.0%) 231 (40.0%) 333 (46.1%) 115 (53.5%) <.001

Any hospital admissions (last year) 125 (33.4%) 201 (34.6%) 267 (36.1%) 122 (54.7%) <.001

Invasive ventilations (ever) 27 (7.3%) 48 (8.4%) 71 (9.8%) 23 (10.5%) .437

Atopic disease 208 (55.6%) 322 (55.5%) 432 (58.8%) 129 (57.6%) .617

Eczema 23 (6.1%) 29 (4.9%) 54 (7.1%) 22 (9.6%) .082

Nasal polyps 100 (26.3%) 141 (23.9%) 152 (20.1%) 26 (11.4%) <.001

Gastroesophageal reflux 69 (18.2%) 122 (20.6%) 208 (27.5%) 81 (35.4%) <.001

Depression or anxiety 33 (8.7%) 67 (11.3%) 123 (16.3%) 57 (24.9%) <.001

Blood eosinophil count (×10 9 /L) 0.40 (0.19, 0.67) 0.39 (0.20, 0.63) 0.30 (0.15, 0.56) 0.30 (0.15, 0.50) .002

FeNO (ppb) 48 (27, 85) 45 (24, 85) 37 (19, 67) 31 (13, 54) <.001

Total IgE (IU/mL) 173 (60, 511) 169 (62, 432) 147 (46, 450) 150 (41, 510) .329

ICS dose (BDP equivalent, μg) 2000 (1600, 2000) 2000 (1600, 2000) 2000 (1600, 2000) 2000 (1600, 2000) .227

Maintenance OCS 157 (41.5%) 269 (45.7%) 366 (48.4%) 101 (44.3%) .168

LAMA 208 (54.7%) 353 (60.2%) 495 (65.6%) 161 (70.6%) <.001

Theophylline 60 (16.1%) 135 (23.0%) 213 (28.3%) 69 (30.1%) <.001

Leukotriene receptor antagonists 171 (46.0%) 325 (56.8%) 425 (58.2%) 139 (62.6%) <.001

Maintenance macrolides 31 (8.2%) 54 (9.2%) 87 (11.6%) 32 (14.2%) .062

Home nebulizer 63 (16.7%) 98 (17.0%) 171 (22.9%) 76 (34.2%) <.001

Biologic therapy

No 100 (26.3%) 118 (20.0%) 186 (24.6%) 75 (32.8%) .001

Yes 280 (73.7%) 473 (80.0%) 570 (75.4%) 154 (67.2%)

Biologic therapy name

Mepolizumab 137 (52.1%) 249 (56.5%) 305 (57.2%) 58 (43.3%) .050

Benralizumab 85 (32.3%) 125 (28.3%) 136 (25.5%) 56 (41.8%)

Omalizumab 39 (14.8%) 65 (14.7%) 86 (16.1%) 19 (14.2%)

Dupilumab 2 (0.8%) 2 (0.5%) 6 (1.1%) 1 (0.7%)

Data are expressed as n (%), mean (standard deviation), or median (interquartile range).
ACQ-6, Asthma Control Questionnaire-6; BDP, beclometasone dipropionate; BMI, body mass index; ED, emergency department; FeNO, exhaled nitric oxide; FEV 1 , forced 
expiratory volume in 1 second; FVC, forced vital capacity; ICS, inhaled corticosteroid; LAMA, long-acting antimuscarinic; OCS, oral corticosteroid.
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METHODS 
Study population

UKSAR has been described in detail elsewhere. 11 We included 
patients aged 18 years or older with a confirmed diagnosis of severe 
asthma according to European Respiratory Society/American 
Thoracic Society criteria, 12 and with a BMI of 18.5 to 70.0 in-
clusive, who had an annual review appointment within 9 to 24 
months of their baseline visit. Patients were excluded if they were 
taking part in an interventional trial, or if they had previously

received asthma biologics. All patients gave written informed con-
sent for the storage and analysis of their clinical data for research, 
and this was approved by the Office of Research Ethics Northern 
Ireland (15/NI/0196).

Outcome definitions
Comparisons were made between baseline and first annual review 

visit. The outcomes of interest were Asthma Control Questionnaire-
6 (ACQ-6) improvement (score), exacerbation reduction (%),

TABLE II. Baseline characteristics of study cohort stratified by biologic therapy status

Clinical or demographic characteristic No biologic therapy Biologic therapy P value

No. of patients 479 (24.5%) 1477 (75.5%)

Age (y) 48.5 (13.9) 51.3 (14.3) <.001

Age of onset (y) 22.7 (18.8) 25.7 (19.8) .005

Gender

Female 327 (68.3%) 918 (62.2%) .016

Male 152 (31.7%) 559 (37.8%)

Ethnicity

Caucasian 377 (78.7%) 1,180 (85.3%) <.001

Non-Caucasian 102 (21.3%) 204 (14.7%)

BMI (kg/m 2 ) 32.1 (8.0) 31.0 (7.0) .004

BMI category

Healthy range 100 (20.9%) 280 (19.0%) .001

Overweight 118 (24.6%) 473 (32.0%)

Obese 186 (38.8%) 570 (38.6%)

Severely obese 75 (15.7%) 154 (10.4%)

Smoking status

Never smoked 282 (59.2%) 948 (65.3%) .001

Ex-smoker 153 (32.1%) 438 (30.2%)

Current smoker 41 (8.6%) 66 (4.5%)

FEV 1 (% predicted) 69.2 (22.0) 67.2 (21.0) .088

FVC (% predicted) 83.5 (19.0) 84.8 (18.9) .216

FEV 1 /FVC (%) 66.7 (14.9) 63.8 (18.0) .002

ACQ-6 score 3.2 (2.2, 4.2) 3.2 (2.0, 4.0) .486

Uncontrolled asthma (ACQ-6 > 1.5) 361 (86.6%) 1,066 (84.5%) .313

Exacerbations (last year) 4 (2, 6) 5 (3, 8) <.001

Any ED attendance (last year) 264 (58.5%) 555 (38.7%) <.001

Any hospital admissions (last year) 190 (40.6%) 525 (36.2%) .088

Invasive ventilations (ever) 32 (6.8%) 137 (9.6%) .065

Atopic disease 305 (65.0%) 786 (54.4%) <.001

Eczema 63 (13.2%) 65 (4.4%) <.001

Nasal polyps 75 (15.7%) 344 (23.3%) <.001

Gastroesophageal reflux 174 (36.3%) 306 (20.7%) <.001

Depression or anxiety 100 (20.9%) 180 (12.2%) <.001

Blood eosinophil count (×10 9 /L) 0.28 (0.11, 0.50) 0.38 (0.20, 0.60) <.001

FeNO (ppb) 31 (14, 60) 44 (23, 79) <.001

IgE (IU/mL) 148 (41, 550) 159 (56, 437) .768

ICS dose (BDP equivalent, μg) 2000 (1000, 2000) 2000 (1600, 2000) <.001

Maintenance OCS 150 (31.4%) 743 (50.5%) <.001

LAMA 261 (54.7%) 956 (65.0%) <.001

Theophylline 123 (25.8%) 354 (24.2%) .460

Leukotriene receptor antagonists 289 (61.4%) 771 (54.1%) .006

Maintenance macrolides 62 (13.2%) 142 (9.7%) .031

Home nebulizer 108 (22.9%) 300 (20.6%) .292

Data are expressed as n (%), mean (standard deviation), or median (interquartile range).
ACQ-6, Asthma Control Questionnaire-6; BDP, beclometasone dipropionate; BMI, body mass index; ED, emergency department; FeNO, fractional exhaled nitric oxide; FEV 1 , 
forced expiratory volume in 1 second; FVC, forced vital capacity; ICS, inhaled corticosteroid; LAMA, long-acting antimuscarinic; OCS, oral corticosteroid.
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reduction in unscheduled care utilization (%), reduction in blood 
eosinophil count (%), reduction in fractional exhaled nitric oxide 
(FeNO, ppb), improvement in forced expiratory volume in 1 sec-
ond (FEV 1 , mL), and oral corticosteroid (OCS) discontinuation 
(%). Exacerbation reduction compared the number of times the 
patient required rescue corticosteroids in the 12 months before 
baseline against the 12 months before the annual review visit. 
Unscheduled care reduction was also based on the 12 months before 
the relevant study visit and was a composite measure of emergency 
department (ED) attendances and hospital admissions. The OCS 
discontinuation outcome was restricted to patients on maintenance 
OCS (mOCS) at baseline and was defined as not receiving any 
mOCS at the time of their annual review.

Clinically important differences were defined as improved 
asthma symptoms (ACQ-6 improvement ≥0.5) 13 or well controlled 
(ACQ-6 ≤0.75) at annual review, exacerbation reduction (reduc-
tion ≥50% or no exacerbations in the 12 months before annual 
review), unscheduled care reduction (reduction ≥50% or no un-
scheduled care in the 12 months before annual review), FEV 1 
improvement (≥100 mL improvement), and OCS dose reduction 
(dose reduction ≥50% or not an mOCS user at annual review).

Statistical methods
Our primary analysis compared the changes in study outcomes 

between baseline and the first annual review visit by BMI category 
(healthy range [18.50-24.99], overweight [25.00-29.99], obese 
[30.00-39.99], and severely obese [≥40]) and according to whether

biologic therapy was commenced during the follow-up period. 
Descriptive statistics were calculated using mean with standard 
deviation (SD), median (interquartile range [IQR]), and count 
(percentage) as appropriate. Group comparisons were tested for 
statistical significance using the χ 2 test, 1-way analysis of variance, 
and the Kruskal-Wallis test as appropriate.

To account for potential confounding, we used hierarchical 
linear (ACQ-6 score, FEV 1 , and FeNO), Poisson (exacerbations 
and unscheduled care), and logistic (OCS discontinuation) regres-
sion analysis to compare improvements by BMI category. Adjusted 
models included time period (follow-up vs annual review), year of 
baseline visit, hospital, age, sex, ethnicity, biologic prescription 
before the annual review, and baseline value of the metric (eg, 
baseline ACQ-6 score and baseline OCS dose). Each patient was 
included as a random intercept in the model, which allowed their 
responses to vary and appropriately accounted for the noninde-
pendence of observations. Our models included interaction terms 
between time period, BMI category, and biologic use (3-way 
interaction term and all 2-way interactions) to capture variation 
in improvement across the groups of interest. Model coefficients 
were converted to adjusted predictions that represent the 
improvement in each group of interest, assuming that all other 
variables in the model were fixed. 14 χ 2 tests were used to compare 
predicted values by BMI category, and we conducted a difference-
in-difference analysis contrasting the effect of biologics across 
BMI groups. All analyses were conducted using Stata version 18 
(StataCorp, College Station, Texas).

TABLE III. Patient characteristics at follow-up review in the subgroup who received biologic therapy

Clinical characteristic

BMI category

P value
18.50-24.99
(Healthy range)

25.00-29.99
(Overweight)

30.00-39.99
(Obese)

≥40.00
(Severely obese)

No. of patients 280 (19.0%) 473 (32.0%) 570 (38.6%) 154 (10.4%)

Follow-up time (d) 436.5 (107.4) 428.1 (100.8) 435.4 (105.8) 442.0 (112.6) .456

Exacerbations (last year) 1 (0, 2) 1 (0, 3) 1 (0, 3) 2 (1, 5) <.001

Any ED attendance (last year) 32 (11.7%) 62 (13.4%) 106 (19.2%) 38 (24.7%) <.001

Any hospital admissions (last year) 27 (9.9%) 66 (14.2%) 86 (15.5%) 43 (27.9%) <.001

FEV 1 (% predicted) 73.9 (23.0) 74.1 (22.0) 70.4 (20.0) 72.8 (19.5) .052

FVC (% predicted) 91.6 (19.2) 88.8 (17.8) 83.8 (19.1) 82.8 (18.3) <.001

FEV 1 /FVC (%) 64.5 (15.3) 66.3 (13.8) 67.2 (12.1) 70.9 (10.9) <.001

ACQ-6 score 1.3 (0.5, 2.7) 1.7 (0.7, 3.0) 2.3 (1.2, 3.3) 2.8 (1.7, 3.8) <.001

Uncontrolled asthma (ACQ-6 > 1.5) 106 (44.2%) 209 (52.6%) 327 (66.7%) 96 (77.4%) <.001

Blood eosinophil count (×10 9 /L) 0.04 (0.00, 0.18) 0.05 (0.00, 0.12) 0.07 (0.00, 0.20) 0.07 (0.00, 0.20) .298

FeNO (ppb) 42 (25, 74) 40 (22, 77) 35 (19, 68) 27 (12, 53) <.001

Maintenance OCS change .276

Discontinue 47 (35.1%) 61 (26.6%) 86 (28.7%) 15 (20.3%)

Decrease dose 51 (38.1%) 100 (43.7%) 133 (44.3%) 35 (47.3%)

Maintain dose 30 (22.4%) 44 (19.2%) 53 (17.7%) 18 (24.3%)

Increase dose 6 (4.5%) 24 (10.5%) 28 (9.3%) 6 (8.1%)

Clinically important differences

ACQ-6 improvement ≥ 0.5 or controlled 147 (68.7%) 250 (67.2%) 277 (62.4%) 76 (67.9%) .306

Exacerbation reduction ≥ 50% or no exacerbations 201 (75.0%) 337 (74.7%) 383 (71.2%) 96 (64.0%) .051

Unscheduled care reduction ≥ 50% or 
no unscheduled care

243 (90.7%) 395 (87.2%) 457 (85.4%) 121 (82.3%) .073

FEV 1 increase ≥ 100 mL 133 (54.1%) 189 (45.7%) 220 (45.1%) 57 (41.6%) .058

OCS dose decrease ≥ 50% or no OCS 210 (75.3%) 336 (71.2%) 413 (72.6%) 109 (72.2%) .685

Data are expressed as n (%), mean (standard deviation), or median (interquartile range).
ACQ-6, Asthma Control Questionnaire-6; BMI, body mass index; ED, emergency department; FeNO, exhaled nitric oxide; FEV 1 , forced expiratory volume in 1 second; FVC, 
forced vital capacity; OCS, oral corticosteroid.
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RESULTS
The study cohort comprised 1956 patients (63.7% female), 

with a mean (SD) age of 50.6 (14.3) years at first assessment 
(Table I). Of these, 380 (19.4%) patients were of healthy weight, 
591 (30.2%) overweight, 756 (38.7%) obese, and 229 (11.7%) 
severely obese. Women were disproportionately represented in 
the severely obese category, making up 83.0% of this group. 
Forced vital capacity (FVC, % predicted) progressively fell, and 
the FEV 1 /FVC ratio progressively increased with increasing BMI 
category. The ACQ-6 score, exacerbation frequency, and the 
proportion of patients with any ED attendance or hospital 
admission differed significantly across BMI categories, with a 
consistent trend of worse outcomes in higher BMI categories. The 
median ACQ-6 score was 2.5 (healthy weight), 3.0 (overweight), 
3.3 (obese) and 3.7 (severely obese) (P < .001). The prevalence of 
gastroesophageal reflux disease and depression/anxiety increased 
with increasing BMI category, whereas that of nasal polyps fell 
with increasing BMI category. FeNO and blood eosinophil count 
fell with increasing BMI category, but total IgE did not differ 
significantly between the categories. The proportion of patients 
receiving add-on therapies (long-acting antimuscarinic agents, 
theophylline, leukotriene receptor antagonists, and maintenance 
macrolides) increased with increasing BMI category. Of 1956 
patients, 1477 (75.5%) commenced a biologic agent during 
follow-up. The biologic agent was recorded in 1371 of these cases

and split between mepolizumab (n = 749, 54.6%), benralizumab 
(n = 402, 29.3%), omalizumab (n = 209, 15.2%), and dupilu-
mab (n = 11, 0.8%).

Patients who commenced biologic therapy had a significantly 
higher age of asthma onset (25.7 vs 22.7 years, P = .005) and 
were more likely to be male and of Caucasian ethnicity 
(Table II). Patients who commenced a biologic had a slightly 
lower BMI than those who did not (31.0 vs 32.1 kg/m 2 , P = 
.004) and were less likely to be current or ex-smokers. They also 
had a lower FEV 1 /FVC ratio (63.8% vs 66.7%, P = .002) but 
similar ACQ-6 scores. They had more frequent exacerbations 
during the previous year but less frequent ED attendance than 
those who did not commence a biologic. Patients who 
commenced a biologic were more likely to have nasal polyps but 
less likely to have atopic disease, eczema, gastroesophageal reflux, 
or depression or anxiety than those who did not. Blood eosin-
ophil count and FeNO were significantly higher in those who 
commenced a biologic, but IgE did not differ between the 
groups. Patients who commenced a biologic were more likely to 
be on mOCS at baseline than those who did not (50.5% vs 
31.4%, P < .001).

Table III shows the patient characteristics at follow-up review 
in patients who received a biologic agent. The proportion of 
patients with any ED attendance or hospital admission in the 
previous year increased with increasing BMI category (P < .001

TABLE IV. Changes in clinical outcomes from baseline to follow-up by body mass index category

Outcome BMI category Change in clinical outcome*
Difference compared 

with healthy range group† Overall P value‡

ACQ-6 score Healthy range − 0.86 (− 1.09, − 0.63); P < .0001 .6714

Overweight − 0.67 (− 0.86, − 0.49); P < .0001 0.19 (− 0.11, 0.48); P = .2163

Obese − 0.76 (− 0.93, − 0.60); P < .0001 0.10 (− 0.18, 0.38); P = .4923

Severely obese − 0.77 (− 1.08, − 0.46); P < .0001 0.10 (− 0.29, 0.48); P = .6308

FEV 1 (mL) Healthy range 154 (98, 212); P < .0001 .2015

Overweight 128 (82, 175); P < .0001 − 26 (− 100, 47); P = .4810

Obese 87 (46, 129); P < .0001 − 67 (− 138, 3); P = .0601

Severely obese 82 (5, 158); P = .0364 − 73 (− 168, 22); P = .1327

FeNO (ppb) Healthy range − 11.1 (− 17.2, − 5.0); P = .0003 .2299

Overweight − 6.9 (− 11.6, − 2.1); P = .0047 4.2 (− 3.4, 11.9); P = .2798

Obese − 3.6 (− 7.9, 0.7); P = .0991 7.5 (0.0, 14.9); P = .0489

Severely obese − 3.8 (− 11.7, 4.2); P = .3536 7.3 (− 2.7, 17.3); P = .1502

Exacerbations Healthy range 3.1 (2.7, 3.4); P < .0001 .2531

(episodes)§ Overweight 3.1 (2.8, 3.3); P < .0001 0.0 (− 0.4, 0.4); P = .9762

Obese 3.4 (3.1, 3.7); P < .0001 0.3 (− 0.1, 0.8); P = .0996

Severely obese 3.2 (2.8, 3.7); P < .0001 0.2 (− 0.4, 0.8); P = .5223

Unscheduled care Healthy range 1.9 (1.5, 2.3); P < .0001 .0220

(episodes)§ Overweight 2.1 (1.7, 2.4); P < .0001 0.1 (− 0.3, 0.6); P = .5648

Obese 2.4 (2.1, 2.8); P < .0001 0.5 (0.0, 1.0); P = .0480

Severely obese 3.0 (2.3, 3.7); P < .0001 1.1 (0.3, 1.8); P = .0073

OCS discontinuation (%)|| Healthy range 33.6 (26.5, 40.7); P < .0001 .0590

Overweight 26.8 (21.8, 31.8); P < .0001 − 6.8 (− 15.5, 1.9); P = .1256

Obese 27.7 (23.4, 32.1); P < .0001 − 5.8 (− 14.2, 2.5); P = .1711

Severely obese 19.1 (11.4, 26.8); P < .0001 − 14.5 (− 25.0, − 4.0); P = .0068

Data are presented as value (95% confidence interval).
ACQ-6, Asthma Control Questionnaire-6; FeNO, fractional exhaled nitric oxide, FEV 1 , forced expiratory volume in 1 second; OCS, oral corticosteroid.
* Change from baseline to follow-up adjusted for covariates (marginal effects). P values are testing whether marginal effects are significantly different to zero.
† P values are testing whether marginal effects are significantly different in the overweight and obese groups compared with the healthy range group.
‡ Overall P values are testing whether marginal effects are significantly different across all 4 body mass index categories.
§ Episodes in the 12 months before baseline compared with the 12 months before follow-up. Changes represent the reduction from baseline to follow-up.
|| Percentage of patients who were taking regular OCS at baseline and discontinued it at follow-up.
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TABLE
 
V. Changes in

 
clinical outcomes from

 
baseline

 
to
 

follow-up
 

by
 

biologic
 

treatment status and
 

body
 

mass index
 

category

Outcome
 

BMI category
Change

 
in
 
clinical 

outcome
 
(no
 
biologic)*

Change
 
in
 
clinical

outcome
 
(biologic)*

 
Biologic

 
difference†

Biologic
 

difference-in-
difference‡

Difference-in-
difference
P
 
value§

ACQ-6 score Healthy range − 0.60 (− 1.05, − 0.14); P 
=
 
.0098 − 0.94 (− 1.21, − 0.68); P 

<
 
.0001 − 0.35 (− 0.87, 0.18); P 

=
 
.1951 .0907

Overweight 0.10 (− 0.33, 0.53); P 
=
 
.6570 − 0.92 (− 1.12, − 0.71); P 

<
 
.0001 − 1.02 (− 1.49, − 0.54); P 

<
 
.0001 − 0.67 (− 1.38, 0.04); P 

=
 
.0644

Obese − 0.35 (− 0.69, − 0.01); P 
=
 
.0417 − 0.89 (− 1.08, − 0.70); P 

<
 
.0001 − 0.54 (− 0.92, − 0.15); P 

=
 
.0064 − 0.19 (− 0.84, 0.46); P 

=
 
.5660

Severely obese 0.15 (− 0.38, 0.68); P 
=
 
.5784 − 1.06 (− 1.43, − 0.69); P 

<
 
.0001 − 1.21 (− 1.86, − 0.56); P 

=
 
.0002 − 0.86 (− 1.70, − 0.03); P 

=
 
.0424

FEV
 
1
 
(mL) Healthy range 40 (− 74, 154); P 

=
 
.4909 195 (129, 260); P 

<
 
.0001 155 (23, 286); P 

=
 
.0208 .4655

Overweight 85 (− 19, 189); P 
=
 
.1100 143 (91, 194); P 

<
 
.0001 58 (− 58, 174); P 

=
 
.3277 − 97 (− 272, 78); P 

=
 
.2785

Obese 51 (− 31, 133); P 
=
 
.2213 102 (54, 149); P 

<
 
.0001 50 (− 44, 145); P 

=
 
.2980 − 104 (− 266, 58); P 

=
 
.2065

Severely obese 84 (− 58, 226); P 
=
 
.2444 80 (− 11, 170); P 

=
 
.0838 − 4 (− 172, 163); P 

=
 
.9584 − 159 (− 372, 54); P 

=
 
.1432

FeNO
 
(ppb) Healthy range − 5.7 (− 17.8, 6.4); P 

=
 
.3562 − 13.1 (− 20.1, − 6.1); P 

=
 
.0003 − 7.4 (− 21.4, 6.5); P 

=
 
.2976 .6314

Overweight − 3.7 (− 13.8, 6.4); P 
=
 
.4701 − 8.1 (− 13.4, − 2.7); P 

=
 
.0032 − 4.3 (− 15.8, 7.1); P 

=
 
.4573 3.1 (− 14.9, 21.1); P 

=
 
.7371

Obese − 5.5 (− 14.0, 2.9); P 
=
 
.1956 − 3.1 (− 8.1, 2.0); P 

=
 
.2314 2.5 (− 7.3, 12.3); P 

=
 
.6181 9.9 (− 7.1, 26.9); P 

=
 
.2546

Severely obese 0.5 (− 13.4, 14.4); P 
=
 
.9455 − 5.3 (− 14.9, 4.2); P 

=
 
.2737 − 5.8 (− 22.7, 11.1); P 

=
 
.4989 1.6 (− 20.3, 23.5); P 

=
 
.8867

Exacerbations
(episodes)‖

Healthy range 2.2 (1.7, 2.7); P 
<
 
.0001 3.4 (3.0, 3.8); P 

<
 
.0001 1.2 (0.5, 1.8); P 

=
 
.0005 .0182

Overweight 1.6 (1.1, 2.1); P 
<
 
.0001 3.6 (3.3, 3.9); P 

<
 
.0001 2.0 (1.4, 2.6); P 

<
 
.0001 0.8 (− 0.1, 1.7); P 

=
 
.0708

Obese 2.4 (2.0, 2.9); P 
<
 
.0001 3.8 (3.4, 4.1); P 

<
 
.0001 1.3 (0.8, 1.9); P 

<
 
.0001 0.2 (− 0.7, 1.0); P 

=
 
.7206

Severely obese 3.1 (2.3, 3.8); P 
<
 
.0001 3.3 (2.7, 3.9); P 

<
 
.0001 0.2 (− 0.7, 1.2); P 

=
 
.6674 − 1.0 (− 2.1, 0.2); P 

=
 
.1030

Unscheduled
care (episodes)‖

Healthy range 2.4 (1.6, 3.2); P 
<
 
.0001 1.6 (1.2, 2.0); P 

<
 
.0001 − 0.8 (− 1.7, 0.1); P 

=
 
.0734 .0351

Overweight 1.7 (1.2, 2.2); P 
<
 
.0001 2.3 (1.9, 2.7); P 

<
 
.0001 0.6 (− 0.1, 1.2); P 

=
 
.0929 1.4 (0.3, 2.4); P 

=
 
.0131

Obese 2.6 (2.0, 3.3); P 
<
 
.0001 2.3 (1.9, 2.7); P 

<
 
.0001 − 0.3 (− 1.1, 0.4); P 

=
 
.3767 0.5 (− 0.7, 1.6); P 

=
 
.4284

Severely obese 2.5 (1.5, 3.4); P 
<
 
.0001 3.3 (2.3, 4.2); P 

<
 
.0001 0.8 (− 0.5, 2.2); P 

=
 
.2350 1.6 (0.0, 3.2); P 

=
 
.0456

OCS
 
discontinuation¶

 
Healthy range 34.9 (16.4, 53.5); P 

=
 
.0002 33.3 (25.6, 41.0); P 

<
 
.0001 − 1.6 (− 21.9, 18.6); P 

=
 
.8733 .1495

Overweight 39.2 (25.4, 52.9); P 
<
 
.0001 24.0 (18.7, 29.4); P 

<
 
.0001 − 15.1 (− 30.0, − 0.3); P 

=
 
.0459 − 13.5 (− 37.9, 10.9); P 

=
 
.2788

Obese 22.7 (12.6, 32.8); P 
<
 
.0001 28.9 (23.9, 33.8); P 

<
 
.0001 6.1 (− 5.2, 17.4); P 

=
 
.2890 7.8 (− 14.8, 30.4); P 

=
 
.4994

Severely obese 22.8 (7.3, 38.4); P 
=
 
.0041 18.3 (9.6, 26.9); P 

<
 
.0001 − 4.6 (− 22.3, 13.1); P 

=
 
.6132 − 2.9 (− 29.3, 23.4); P 

=
 
.8280

Data are presented as value (95% 
confidence interval).

ACQ-6, Asthma Control Questionnaire-6; FeNO, fractional exhaled nitric oxide; FEV 1 
, forced expiratory volume in 1 second; OCS, oral corticosteroid.*

 Change from 
baseline to follow-up adjusted for covariates (marginal effects). P 

values are testing whether marginal effects are significantly different to zero.†
 P
 
values are testing whether marginal effects are significantly different in the biologic group compared with the no biologic group.

‡ P
 
values are testing whether the biologic difference (difference in marginal effects between biologic and no biologic groups) is significantly different in the overweight and obese groups compared with the healthy range group.

§ Overall P 
values are testing whether the biologic difference (difference in marginal effects between biologic and no biologic groups) is significantly different across all 4 body mass index categories.

‖
 Episodes in the 12 months before baseline compared with the 12 months before follow-up. Changes represent the reduction from 

baseline to follow-up.
¶
 Percentage of patients who were taking regular OCS at baseline and discontinued it at follow-up.
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in both cases). The ACQ-6 score increased with increasing BMI 
category, with the mean score being 1.3 in the healthy weight 
group and 2.8 in the severely obese group (P < .001). The 
proportion of patients with uncontrolled asthma (ACQ-6 score 
>1.5) increased from 44.2% in the healthy weight group to 
77.4% in the severely obese group (P < .001).

Table IV shows changes in clinical outcomes from baseline to 
follow-up in the whole cohort, stratified by BMI category and 
adjusted for covariates. The ACQ-6 score improved in all BMI 
groups, with this improvement being both clinically and sta-
tistically significant in all cases. FEV 1 improved in all BMI 
groups, but the improvement was only clinically significant 
(≥100 mL) in the healthy weight and overweight groups. Ex-
acerbations and unscheduled care episodes also reduced signifi-
cantly in all BMI groups in the year before follow-up compared 
with the year before baseline.

Table V and Figure 1 show changes in clinical outcomes from 
baseline to follow-up by biologic treatment status and BMI 
category adjusted for covariates. Patients who commenced a 
biologic had improvements in ACQ-6 score that were clinically 
and statistically significant in all BMI categories. Among patients 
who did not commence a biologic, improvements in ACQ-6 that 
were both clinically and statistically significant occurred only in 
the healthy weight group. The magnitude of additional benefit in 
ACQ-6 associated with biologic treatment was clinically and 
statistically significant for the overweight, obese, and severely 
obese groups but not the healthy weight group. Patients who 
commenced a biologic had clinically and statistically significant 
improvements in FEV 1 in all BMI categories except for the

severely obese group, whereas those who did not commence a 
biologic did not have significant improvements in FEV 1 . The 
additional benefit associated with biologic treatment was clinically 
and statistically significant only for the healthy weight group.

Exacerbations and unscheduled care episodes reduced 
significantly in all BMI groups, both in patients who 
commenced a biologic and those who did not. The additional 
benefit associated with biologic treatment in reducing exacer-
bations was statistically significant in all groups except for the 
severely obese group. However, biologics were not associated 
with additional benefit in reducing unscheduled care episodes or 
increasing the rate of OCS discontinuation.

DISCUSSION
We analyzed baseline and follow-up data from a large na-

tional cohort of patients with severe asthma to determine 
whether BMI category modified the response to biologic ther-
apies. We found that the associations were complex and differed 
with respect to the specific clinical outcome being studied. Pa-
tients who commenced biologic agents had significant im-
provements in ACQ-6 regardless of their BMI category, with the 
additional improvement associated with biologic therapy being 
significant in overweight, obese, and severely obese patients. 
Interestingly, this pattern was reversed with FEV 1 , with the 
greatest additional benefit from biologic treatment observed in 
the healthy weight group. Patients who commenced biologics 
had a greater reduction in exacerbations than those who did not 
in all BMI groups except for the severely obese group. Because

FIGURE 1. Changes in clinical outcomes from baseline to follow-up stratified by body mass index category and biologic therapy status. 

Changes in clinical outcomes are adjusted for covariates. Error bars represent 95% confidence intervals. ACQ-6, Asthma Control 

Questionnaire-6; FeNO, fractional exhaled nitric oxide; FEV 1 , forced expiratory volume in 1 second; OCS, oral corticosteroid.
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overweight and obese patients started with a higher baseline of 
symptoms and exacerbations, a greater proportion of them 
remained uncontrolled after treatment. This is concordant with 
previous analysis from UKSAR, 8 and a recent systematic review 
and meta-analysis, 10 showing that obesity is a significant barrier 
to achieving remission in patients with severe asthma treated 
with a biologic. We also reported that follow-up in a severe 
asthma clinic was associated with reduced exacerbations and 
unscheduled secondary care utilization across all BMI categories, 
even in patients who were not commenced on a biologic. This 
suggests that the benefits of review in a severe asthma clinic are 
not confined to those who receive biologics.

A number of previous studies have investigated whether 
obesity and other comorbidities may modify the response to 
asthma biologic agents, with most studies focusing on patients 
receiving omalizumab or mepolizumab. Gibson et al 15 

analyzed data from the Australian Xolair Registry and found 
that the symptomatic response to omalizumab was similar in 
patients with and without obesity. Similarly, a reanalysis of 
pooled data from 2 randomized controlled trials showed clin-
ical benefits of omalizumab in both obese and nonobese pa-
tients. 16 In contrast, Sposato et al 17 found, in a retrospective 
review of 340 patients commenced on omalizumab, that 
obesity reduced the response in FEV 1 , FVC, and Asthma 
Control Test. Obese patients were more likely to have an 
exacerbation to remain uncontrolled and to overuse short-
acting β 2 -agonists, but these may have been due to baseline 
differences between obese and nonobese patients, as seen in our 
cohort. Gu et al 18 found that obesity modified some clinical 
effects of omalizumab, with both obese and nonobese patients 
seeing improvements in ACT score, but only nonobese patients 
having significant improvements in FEV 1 and FVC. With 
mepolizumab, the picture was clearer, with a number of real-
world studies and reanalyses of previous clinical trials 
showing that this agent is effective regardless of BMI. 19-22 

Our cohort mainly comprised patients who received omali-
zumab, mepolizumab, and benralizumab. Very few patients 
received dupilumab, and none were treated with tezepelumab. 
The real-world outcomes of obese patients treated with tezepe-
lumab particularly merit investigation, because this biologic is 
licensed to be used in patients with both high and low type 2 
inflammation biomarkers. Therefore, there is a greater risk that 
patients whose symptoms are driven by obesity or other 
comorbidities may be inappropriately commenced on this 
treatment.

Strengths of this study include the size of cohort and the 
detailed clinical characterization that was available. The results 
are likely to be generalizable to other similar worldwide cohorts. 
The main limitation is that, in this real-world registry cohort, 
follow-up visits were not precisely scheduled to take place at the 
same time period after the first clinic review or commencement 
of a biologic agent. In some cases in which patients were seen 
less than 12 months from baseline, it is possible that the 12-
month outcomes could have included some events that occurred 
before baseline. However, it is unlikely that this would have 
introduced a systematic bias with respect to BMI.

In conclusion, we have shown in a large national severe 
asthma cohort that asthma biologic agents appear to provide 
important clinical benefits in both obese and nonobese patients. 
However, because obese patients start at a worse baseline with

respect to symptoms and exacerbations, they are still more likely 
to remain uncontrolled after treatment. These findings empha-
size the importance of combining targeted biologic treatment 
with specialist weight loss therapy in patients with severe asthma 
and obesity.
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