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ABSTRACT
Introduction:  Severe asthma is associated with a serious disease burden, partially caused 
by limitations in activity and work impairment.
Aims and objectives:  This study aims to relate treatment with biologics targeting IL-5/5Ra 
to work productivity and activity in the long term in a real-world context.
Material and methods:  This is a registry-based multi-center cohort study evaluating data 
from adults with severe eosinophilic asthma included in the Dutch Register of Adult Patients 
with Severe Asthma for Optimal DIsease management (RAPSODI). Patients that started with 
anti-IL-5/5Ra biologics and completed the work productivity and activity improvement 
questionnaire, were included. Study and patient characteristics were compared between the 
employed and unemployed patients. Work productivity and activity impairment are related 
to accompanying improvements in clinical outcomes.
Results:  At baseline, 91 of 137 patients (66%) were employed which remained stable 
throughout the follow-up period. Patients in the working age category were younger and 
had significantly better asthma control (p = 0.02). Mean overall work impairment due to 
health decreased significantly from 25.5% (SD2.6) to 17.6% (SD 2.8) during 12 months anti-IL-
5/5Ra biologics treatment (P = 0.010). There was a significant association between ACQ6 and 
overall work improvement after targeted therapy (β = 8.7, CI 2.1–15.4, P = 0.01). The 
improvement of asthma control of 0.5 points on the asthma Control Questionnaire was 
associated with an overall work impairment of −9%.
Conclusions:  Work productivity and activity in severe eosinophilic asthma improved after 
starting anti-IL-5/5Ra biologics. Clinically relevant improvement in asthma control was 
associated with an overall work impairment score of −9% in this study.

Abbreviations:  ACQ: Asthma Control Questionnaire; AD: atopic dermatitis; AQLQ: Asthma 
Quality of Life Questionnaire; BMI: body mass index; FEV1: forced expiratory volume in 
1 second; MCID: minimal clinically important difference; RA: rheumatoid arthritis; RAPSODI: 
Register of Adult Patients with Severe Asthma for Optimal DIsease management; WPAI: work 
productivity and activity improvement
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Introduction

Severe asthma is defined as an uncontrolled disease 
despite adequate assessment of aggravating factors and 
adherence to therapy with medium-high dose inhaled 
steroids and a second controller, or that needs mainte-
nance oral corticosteroids to control the disease (1). It 
is associated with a high disease burden, partially caused 
by limitations in activity and work impairment (2,3). 
Approximately three-quarters of asthma patients reported 
the disease burden as influencing their work produc-
tivity (3,4). Better asthma control might contribute to 
less absenteeism and increased work and daily life activ-
ity. Work positively affects health by improving daily 
structure, self-esteem, self-development, and social con-
tacts and offers financial security (5), and is therefore 
an important outcome from a patient perspective.

Patients with severe eosinophilic asthma are eligible 
for additional treatment with biologics targeting the IL-5 
pathway (i.e., mepolizumab, reslizumab, and benrali-
zumab), which has a proven positive effect on exacerba-
tion rates, lung function, need for oral corticosteroids and 
quality of life (6,7). In highly selected participants in phase 
3 trials, anti-IL5 treatment has been shown to improve 
work productivity and activity (8). The health-related 
quality of life and work productivity is greater among 
patients treated with add-on biologics compared to 
patients treated with high-dose inhalation corticosteroids 
alone or systemic corticosteroids (4). However, whether 
and to what extent work productivity and activity improve 
after initiation of therapy with anti-IL-5/5Ra biologics in 
a real-world context is largely unknown.

In this study, we compare patient characteristics of 
employed- and unemployed severe asthma patients start-
ing with anti-IL-5/5Ra biologics. Moreover, work produc-
tivity and activity impairment are measured by the WPAI 
questionnaire (baseline) and followed up for 12 months.

In addition, we will investigate whether baseline char-
acteristics can predict improvement in work productivity 
and whether improvements in work productivity and 
activity impairment are related to accompanying improve-
ments in clinical outcomes after therapy with anti-IL-
5/5Ra biologics. The last objective is to determine the 
association between the Minimal Clinically Important 
Difference (MCID) for asthma control of 0.5 points and 
the percentage decrease in overall work impairment.

Material and methods

Design and study the population

This is a registry-based multi-center cohort study eval-
uating data from adults with severe eosinophilic asthma 
included in the Dutch Registry of Adult Patients with 

Severe Asthma for Optimal DIsease management 
(RAPSODI) between April 2016 and March 2021 
(9,10). We retrieved data from individuals with severe 
asthma from 13 Dutch hospitals from the RAPSODI 
registry, which is based on two sources: annual elec-
tronic case report forms (eCRFs) (CASTOR EDC plat-
form, Amsterdam, The Netherlands) and 3-monthly 
electronic patient questionnaires (PatientCoach, Leiden 
University Medical Center, Leiden, The Netherlands) 
(10). Patients in the working age category (18–67 years) 
that started with anti-IL-5/5Ra biologics (i.e., mepoli-
zumab, reslizumab, or benralizumab) and completed 
the work productivity and activity improvement ques-
tionnaire (WPAI General Health) within 2 months after 
the start of anti-IL-5/5Ra treatment and at least one 
time during follow-up (12 months), were included. 
Patients aged 18–67 years were considered to be in the 
working age category because 67 years is the official 
age of retirement in the Netherlands. Patient charac-
teristics were retrieved from the RAPSODI registry 
database (i.e., age, BMI, sex and FEV1). Each hospital 
contributed to registering data for eligible patients who 
provide written informed consent.

Questionnaires

Patients included in RAPSODI were asked to complete 
the ACQ6, AQLQ and WPAI questionnaires every 
3 months voluntarily. The ACQ6 is a simple-validated 
questionnaire (6 items) that measures (change in) 
asthma control, which occurs spontaneously or as a 
result of treatment. A score of <0,75 is controlled-, ≥0,75 
and <1,5 is partially controlled-, and ≥1,5 is uncon-
trolled disease. The MCID of the ACQ6 is 0.5 points 
(11). The AQLQ is a disease-specific health-related 
quality-of-life instrument that measures both; the phys-
ical and emotional impact of asthma. The MCID of the 
AQLQ is also 0.5 points (12). The WPAI questionnaire 
is an instrument to measure impairments in work and 
activity (13). WPAI outcomes were expressed as impair-
ment percentages, with higher percentages indicating 
greater impairment (i.e., less productivity and activity). 
The WPAI (General Health) questionnaire contains 6 
questions: Q1) currently employed, Q2) hours missed 
due to health problems, Q3) hours missed due to other 
reasons, Q4) hours actually worked, Q5) degree of 
health affected productivity while working and Q6) 
degree of health affected regular activities (14).

Statistical analysis

Patient and study characteristics were reported in 
percentages, means, and standard deviation. Patient 
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and study characteristics of patients with anti-IL-
5/5Ra biologics with and without WPAI score were 
compared with an independent T-test and 
Chi-squared test. The same applies to patient and 
study characteristics of employed- and unemployed 
patients.

A linear mixed model was used to compare WPAI 
scores over time in 4 models: 1) as a percentage of 
overall work impairment due to health; 2) as a per-
centage of impairment while working due to health; 
3) as a percentage of work time missed due to health; 
4) and as a percentage activity impairment due to 
health scores over time. In the mixed models, time 
was considered as a fixed effect and a random inter-
cept on the patient level was included to account for 
the dependency of the repeated observations within 
the patient.

Linear regression analysis was used to determine 
if baseline characteristics such as age, sex, and BMI 
were predictors of change in overall work impairment 
due to health between baseline and 12-month 
follow-up. Linear regression was also used to deter-
mine if improvement of FEV1, ACQ6-score, and 
AQLQ-score were associated with overall work pro-
ductivity improvement 12 months after anti-IL-5/5Ra 
biologic treatment.

If there is a significant association between overall 
impairment and improvement of ACQ6, the associa-
tion between the MCID for asthma control of 0.5 

points and percentages of overall work impairment 
will be determined (15,16). A p values of 0.05 is con-
sidered significant. Statistical analyses were performed 
with SPSS version 27.

Results

Inclusion

In total 1165 patients were included in the RAPSODI 
registry (date 01/03/2022) of which 725 were treated 
with anti-IL-5/5Ra biologics (Figure 1). Of these 
patients, 170 completed the WPAI within 2 months 
after the start of anti-IL-5/5Ra treatment and at least 
one time during follow-up (12 months). Eighty-one 
percent (N = 137) belonged to the working age cate-
gory and were analyzed. Of these 137 patients, 91 
patients were employed.

Patient and study characteristics of patients 
with- and without WPAI score

The patients who were treated with anti-IL-5/5Ra and 
completed the WPAI score were significantly younger 
compared to the group treated with anti-IL-5/5Ra and 
didn’t complete the WPAI score (53.2 versus 57.5 years, 
P < 0.001). The percentage of men and mean BMI, 
ACQ6, AQLQ, and FEV1 did not significantly differ 
between these groups.

Figure 1. F lowchart of patient selection.
This flowchart demonstrates patient inclusion. Patients were selected on anti-IL-5/5Ra biologic treatment (mepolizumab, reslizumab or benralizumab) and com-
pleted the WPAI questionnaire within 2 months and at least one WPAI score during 12 months of follow-up. More than half of the patients was employed at the 
start of anti-IL-5/5Ra biologic treatment.
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Patient and study characteristics of employed- 
and unemployed patients

Of the 137 analyzed patients, 91 patients were 
employed and 46 were unemployed. There were more 
men in the employed group compared to the unem-
ployed group, although this difference was not statis-
tically significant (58.2% versus 48.9%, P = 0.30). 
Compared to unemployed patients, employed patients 
were younger (51.3 versus 54.8 years, P = 0.07) and 
had a lower BMI (27.8 versus 29.3, p = 0.25), however, 
not significantly different. The FEV1 and asthma qual-
ity of life (AQLQ) favored employed patients; 2.7 liters 
versus 2.4 liters and 5.4 versus 4.8 points, respectively, 
however, also not significantly different. The asthma 
control (ACQ6) was significantly better (1.8 versus 
2.3 points, p values 0.02) for the employed patients 
compared to the unemployed patients.

In Table 1, the baseline study and patient character-
istics were reported for all patients treated with anti-IL-
5/5Ra biologics (N = 725), the subgroup that completed 
the WPAI forms (N = 137), and the employed- (N = 91) 
and unemployed patients separately (N = 46).

Anti-IL-5/5Ra treatment and work productivity

Of the analyzed group (n = 137), 55% was treated with 
mepolizumab, 27% with benralizumab, and 18% with 
reslizumab. At baseline, 91 (66%) patients were employed 
which remained stable throughout the follow-up period 
(68%, 69%, and 62% after 2–4, 4–8 and 8–12 months, 
respectively). So the percentage of employed patients 
did not increase during targeted treatment.

Work productivity and activity during anti-IL-
5/5Ra biologics

For employed patients, the mean overall work impair-
ment due to health decreased significantly from 25.5% 

(SD2.6) to 17.6% (SD2.8) after 12 months of anti-IL-
5/5Ra treatment (P = 0.010). Similar results applied for 
mean impairment while working due to health: 32.8% 
(SD3.1) to 21.2% (SD3.3), P = 0.006) and work time 
missed due to health; 18.1% (SD3.3) to 7.8% (SD2.6), 
(P = 0.048). For employed and unemployed patients, 
the mean activity impairment due to health decreased 
significantly (50.5% (SD 2.6) to 32.4% (SD2.9), 
(P < 0.001). These results are shown in Table 2.

Possible baseline characteristics as predictors  
of improvement in work productivity

Age, sex, and BMI do not predict change in overall 
work impairment due to health (age: β = 0.3, CI −0.4–
0.9, P = 0.46, sex: β = −2.8, CI −15.5–9.8, P = 0.66, 
BMI: β = 0.1, CI −1.2–1.5, P = 0.85) between baseline 
and after 12 months anti-IL-5/5Ra biologics treatment.

Association between improvements in work 
productivity impairment and clinical outcomes

There was a significant association between improve-
ment in ACQ6 and change in overall work impair-
ment after 12 months anti-IL-5/5Ra biologic treatment 
(β = 8.7, CI 2.1–15.4, P = 0.01). This did not apply to 
the improvement of AQLQ and FEV1 (Table 3).

Minimal clinically important difference (MCID) for 
ACQ6 and the associated percentage overall work 
impairment

To determine the association between the ACQ6 
scores and WPAI scores (domain overall work impair-
ment), these scores per patient are shown in a scat-
terplot (Figure 2). Every dot represents a patient, who 
completed both questionnaires. Linear regression has 
been used to determine the trendline between these 

Table 1.  Baseline characteristics of study population derived from RAPSODI database.

Characteristics

All patients with 
anti-IL-5/5Ra biologics

N = 725

Patients with anti-IL-5/5Ra 
biologics and WPAI scores

N = 137 P-value*
Employed Patients

N = 91

Not employed 
patients
N = 46 P-value

Age, years, mean (SD) 57.5 (13.4)
N = 723

53.2 (9.8)
N = 137

<0.001 51.3 (9.4)
N = 91

54.8 (11.5)
N = 46

0.07

Male sex, % 49.4
N = 725

55.5
N = 137

0.11 58.2
N = 91

48.9
N = 45

0.30

BMI Kg/m2, mean (SD) 27.8 (5.4)
N = 724

28.4 (4.8)
N = 137

0.20 27.8 (4.7)
N = 91

29.3 (5.2)
N = 46

0.25

ACQ6 score, mean (SD) 1.7 (1.1)
N = 650

2.0 (1.0)
N = 137

0.10 1.8 (0.9)
N = 91

2.3 (1.2)
N = 46

0.02

AQLQ score mean (SD) 5.3 (1.1)
N = 626

5.4 (1.1)
N = 110

0.65 5.4 (1.0)
N = 73

4.8 (1.0)
N = 37

0.61

FEV1 in L, mean (SD) 2.5 (0.9)
N = 653

2.6 (0.9)
N = 131

0.60 2.7 (0.8)
N = 89

2.4 (0.8)
N = 44

0.56

BMI: Body mass index, ACQ6: Asthma control questionnaire, AQLQ: Asthma Quality of Life, FEV1: Forced Expiratory Volume in 1 s.
*Patients with anti-IL-5/5Ra biologics without WPAI score (N = 588 (725–137)) compared with patients with anti-IL-5/5Ra biologics and WPAI scores 

(N = 137).
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two scores and has been plotted in the same figure. 
The standard MCID of ACQ6 is 0.5 points. Using 
this trendline results in percentages for the overall 
work impairment of 9.0% (Y= −4.68 + 8.7 * x; with 
x = −0.5).

Discussion

Treatment with anti-IL-5/5Ra biologics significantly 
improved work productivity and activity in working 
patients in all domains in our study. Work produc-
tivity and activity mainly increased in the first 
months after starting anti-IL5 therapy and stabilized 
over time. A difference in WPAI score of approxi-
mately 9%, based on the MCID of ACQ6 seems to 
be clinically relevant in this population. More than 
half of the patients was employed at the initiation of 
anti-IL-5/5Ra treatment and after 12 months of 
follow-up. There were more men in the employed 
group, the patients in the employed group were 
slightly younger, had a lower BMI, and had a higher 
FEV1. So these traits seem to be beneficial for a 
better work capacity. Employed patients had better 
asthma control than unemployed patients, supporting 
the need to control the disease first before being able 
to perform work. Our study found a significant asso-
ciation between ACQ6 and overall work impairment 
over time.

The work productivity and activity increase in 
working patients treated with anti-IL-5/5Ra biologics 
is in line with the findings in two randomized, 
placebo-controlled trials investigating the effect of 
mepolizumab on the activity limitation and work pro-
ductivity of asthma patients (7,17). An observational 
study with 1109 asthma patients showed that patients 
receiving biologics (vs maintenance systemic cortico-
steroids, high-dosage inhaled corticosteroids with 
additional controllers) had lower work impairment 
(17% vs 34%, 27%, respectively) (4). The positive 

Table 2. M ixed model outcomes of the WPAI questionnaire overtime on the domain overall work impairment due to health, 
impairment while working due to health and work time missed due to health (N = 91) and the domain activity impairment 
due to health (N = 137).

Crude model N Estimate (%) 95% CI
P-value overall 

model

Compared to baseline

Estimate (%) 95% CI P-value

Overall work impairment due to health 0.010
  Baseline 88 25.5 20.4–30.6
  2–4 months 66 18.4 12.9–23.9 −7.1 −13.1 – −1.1 0.020
  4–8 months 72 21.8 16.4–27.2 −3.7 −10.0 –2.5 0.237
  8–12 months 69 17.6 11.9–23.2 −7.9 −13.5 – −2.4 0.006
Impairment while working due to health 0.006
  Baseline 81 32.8 26.6–38.9
  2–4 months 59 25.0 17.5–32.6 −7.7 −15.3 – −.22 0.044
  4–8 months 70 25.0 18.9–31.1 −7.8 −14.9 – −.55 0.035
  8–12 months 66 21.2 14.6–27.8 −11.5 −17.9 – −5.2 <0.0.01
Work time missed due to health 0.048
  Baseline 92 18.1 11.6–24.6
  2–4 months 81 15.8 8.5–23.2 −2.2 −7.8 –3.3 0.423
  4–8 months 61 11.2 5.7–16.8 −6.9 −12.5 – −1.2 0.019
  8–12 months 57 7.8 2.6–13.0 −10.3 −18.5 – −2.1 0.014
Activity impairment due to health <0.001
  Baseline 136 50.5 45.5–55.6
  2–4 months 103 33.9 27.9–39.9 −16.6 −22.4 – −10.7 <0.001
  4–8 months 121 34.7 29.3–40.1 −15.8 −21.3 – −10.4 <0.001
  8–12 months 109 32.4 26.7–38.2 −18.1 −23.8 – −12.4 <0.001

Table 3. U nivariate linear regression of possible associated 
variables with change in overall work impairment over time 
(baseline vs 12 months follow-up) (N = 91).
Variables B 95%CI P-value

ΔACQ6* 8.7 2.1–15.4 0.01
ΔAQLQ* −2.2 −10.5–6.2 0.61
ΔFEV1 in L* −4.2 −16.6–8.3 0.51
*Change in ACQ6, AQLQ, and FEV1 between baseline and after 12 months 

of follow-up.

Figure 2. T he equivalent MCID for the overall work 
impairment.
The ACQ6 scores and WPAI scores per patient are shown in this scatterplot. 
Every dot represents a patient, who completed both questionnaires. Linear 
regression has been used to determine the association between these two 
scores. The standard MCID of ACQ6 is −0.5 points and is associated with an 
overall work impairment of −9.0 percent using the regression formula (Y= 
−4.68 + 8.7 * x; with x = −0.5).
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effect of systemic treatment on work-related outcomes 
in employed patients with other chronic physical dis-
abilities is also previously demonstrated by Behrens 
et  al. showing a strong association between 
TNF-blocker (Adalimumab) and improvements in 
work-related outcomes in 783 employed patients with 
rheumatoid arthritis (RA) during 24 months of treat-
ment (18). Similarly, a study in Atopic Dermatitis 
(AD) demonstrated that work impairment decreased 
significantly from baseline (35.5%) to week 52 (11.5%) 
in 218 adult patients with moderate-to-severe AD 
treated with Dupilumab (19).

An overall work impairment of 9% seems to be 
clinically relevant in this population if you associate 
this with the MCID of 0.5 points of the ACQ6. The 
clinically relevant productivity loss of WPAI was esti-
mated to be 20% in patients with psoriasis (Psoriasis 
Area and Severity Index) (20). The estimates in this 
study were based on 12-week treatment outcomes. 
The clinical relevance needs to be estimated for longer 
periods to understand the full impact of clinical 
improvement on WPAI. In our study, we have a 
follow-up period of 12 months. So a percentage of 9% 
seems more robust and clinically relevant in this pop-
ulation for this time interval, however, this should be 
validated in future studies.

More than half of the patients was employed at 
the initiation of anti-IL-5/5Ra biologics which is in 
line with rates found in patients with other physical, 
sensory, psychological, and intellectual disabilities 
(60%) (21). However, this is substantially lower com-
pared to the rate of employment in people without 
chronic disease (82%) (21).

The better the asthma control, the higher the work 
productivity of the asthma patients in our study. 
Sadatsafavi et  al. demonstrated that work productivity 
loss was associated with asthma control (22). A cohort 
study in patients with moderate-to-severe persistent 
allergic asthma (N = 7709) found a reduction in 
asthma-related work, school, and activity impairment 
associated with better asthma control (23). A previ-
ously performed study by Lee et  al. showed a signif-
icant relationship between asthma control and its 
impact on healthcare resource utilization, costs, work 
productivity and health-related quality of life (3). This 
is in line with the study of Hiles et  al. This study 
demonstrated that work productivity and impairment 
in daily activity were more frequently reported in 
severe asthma and in participants with worse asthma 
control, impaired lung function and more past-year 
exacerbations (P < 0.01) (24). In contrast, the FEV1 
and AQLQ in our study were not associated with 

overall work impairment over time. For AQLQ this 
may be due to the limited number of completed 
AQLQ questionnaires and for FEV1 due to the min-
imal improvement in FEV1 after 12 months.

A unique set of real-life data with multiple evalu-
ation moments (questionnaires) is used in this 
multi-center study. Selection bias seems unlikely 
because our results are similar to the clinical trials. 
Limitations of this study comprise the number of 
patients included in this study by the limited number 
of completed WPAI questionnaires. Furthermore, due 
to the retrospective nature of this study, there is no 
control group and there are missing data.

Despite these shortcomings, it seems very clear that 
early-stage systemic treatment in patients with chronic 
physical disabilities who belong to the working cate-
gory may reduce the disease burden for the individual, 
increase work productivity and is likely to have pos-
itive social-economic effects on society.

Our findings suggest that getting back to work 
is difficult for patients with severe asthma despite 
initiating targeted treatment. However, anti-IL-5/5Ra 
biologics improve the ability to work and be active 
in patients who are already working. A decrease in 
WPAI score of ≥ 9% was associated with an improve-
ment in ACQ6 score of ≥ 0,5 and seems to be clin-
ically relevant. Therefore, early-stage treatment with 
anti-IL-5/5Ra biologics in patients with severe 
asthma who belong to the working category may 
reduce the disease burden for the individual and is 
likely to have positive social-economic effects on 
society.
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