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Abstract 143 

Background: To date, clinical characteristics of the international severe asthma population 144 

are unknown. Inter-country comparisons are hindered by variable data collection within 145 

regional/national severe asthma registries. Our aim was to describe demographic and 146 

clinical characteristics of patients managed in severe asthma services in the USA, Europe, 147 

and Asia/Pacific region. 148 

Methods: The International Severe Asthma Registry (ISAR) retrospectively and prospectively 149 

collected data on severe asthma patients (≥18 years old), receiving GINA Step 5 treatment 150 

or remaining uncontrolled on GINA Step 4. Baseline demographic and clinical data were 151 

collected from the U.S., UK, South Korea, Italy, and the SAWD registry (including Australia, 152 

Singapore and New Zealand) from December 2014-December 2017.  153 

Results:  154 

4,990 patients were included. Average age was 55.0 (SD: 15.9) years, and age at asthma 155 

onset 30.7 (SD: 17.7) years. Patients were predominantly female (59.3%), white (72.6%), 156 

had never smoked (60.5%) and were over-weight/obese (70.4%). 34.9% were on GINA Step 157 

5. 57.2% had poorly controlled disease. 51.1% of patients were on regular intermittent OCS 158 

and 25.4% were on biologics (72.6% for those on GINA Step 5). Mean exacerbation rate was 159 

1.7 (SD: 2.7) per year. Inter-country variation was observed in clinical characteristics, 160 

prescribed treatments and biomarker profiles. 161 

Conclusions:  162 

Using a common dataset and definitions, this study is the first to describe severe asthma 163 

characteristics of a large cohort of patients included in multiple severe asthma registries, 164 

and to identify country differences. Whether these are related to underlying 165 

epidemiological, environmental factors, phenotype, asthma management systems, 166 

treatment access and/or cultural factors requires further study.   167 

Key words: Biologics, co-morbidity, eosinophils, FeNO, IgE 168 
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Introduction 170 

Severe asthma is defined as, “asthma which requires treatment with high dose inhaled 171 

corticosteroids (ICS) plus a second controller (and/or systemic corticosteroids) to prevent it 172 

from becoming ‘uncontrolled,’ or which remains ‘uncontrolled’ despite this therapy.”
1
 Other 173 

definitions include lack of control on maximal optimized therapy and treatment of 174 

contributory factors.
2
 Severe asthma is thought to affect approximately 5-10% of the total 175 

asthma population,
1
 although a large prevalence range (1.8 – 38%) has been reported.

3
 176 

Severe asthma is associated with significant morbidity;
4
 mortality;

5–7
 and treatment,

8
 177 

psychological,
9
 and socio-economic

10
 burdens, with much of the costs attributable to oral 178 

corticosteroid (OCS)-induced morbidity.
11,12

 The cost per patient of severe asthma can be 179 

ten-fold higher that of mild disease, accounting for over 60% of asthma-related healthcare 180 

costs.
13

 Many patients are unable to maintain full time employment,
14

 with a high degree of 181 

presenteeism and absenteeism reported.
15

  182 

 183 

The World Health Organization (WHO) emphasizes asthma’s contribution to the global 184 

symptom and economic burden and calls for “better surveillance to map the magnitude of 185 

chronic respiratory diseases and analyze their determinants… and to monitor future 186 

trends”.
16

 The Global Asthma Report (GAR) stresses the need for asthma monitoring to be 187 

ongoing, appealing for countries to conduct asthma surveillance, with regular investigation 188 

of trends.
17

 189 

 190 

Regional/national severe asthma registries already exist, and collect valuable country-191 

specific data.
18–25

 However, they typically contain relatively small numbers, and tend to 192 

target specific subsets of severe asthma. Combining data is delayed until individual registry 193 

data are published, and hindered by different definitions used and variables collected. The 194 

International Severe Asthma Registry (ISAR; http://isaregistries.org/), the first worldwide 195 

severe adult asthma registry, overcomes some of these limitations,
26,27

 and answers the 196 

WHO and GAR calls to action.
16,17

 In partnership with national/regional registries, ISAR 197 

collects patient-level, pseudonymized, longitudinal, real-life, standardized, high-quality data, 198 

using a set of core variables, from countries across the world for ethically-approved 199 

research purposes.
27

 It contains data on a greater breadth of patients within the severe 200 

asthma definition, and has sufficient power to answer important clinical questions.  201 
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 202 

The aim of this article is to describe the demographic and clinical characteristics of severe 203 

asthma patients managed in secondary and tertiary asthma centers in the United States, 204 

Europe, and the Asia/Pacific region, and to study inter-country differences. 205 

  206 
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Materials & Methods  207 

Patients 208 

As this is an historical, registry study patients were not ‘recruited’ but rather ‘included’ into 209 

ISAR from other existing and newly created registries. ISAR essentially acts as a data 210 

custodian. Participating countries retain ownership of their own data but have agreed to 211 

provide access to, and share anonymous patient-level data with, ISAR for approved research 212 

purposes. Patient data are transferred to the ISAR database at regular intervals. Details of 213 

how data are extracted from national registries to ISAR are provided in the online 214 

supplement. A country lead has been identified for each registry and is responsible for 215 

overseeing data collection, including combining data from any satellite sites, before making 216 

the country-wide data available to ISAR. This approach, in effect, allows for the creation of a 217 

locally hosted central registry for the country’s combined data, which can be used to 218 

enhance local- and international-level research. Full details on asthma diagnostic criteria 219 

and definition of severe asthma for each of these registries is provided in the online 220 

supplement (e-Tables 1 and 2). Patients in ISAR are aged ≥ 18 years old, received treatment 221 

at GINA Step 5, or had uncontrolled asthma at GINA Step 4 (at inclusion),
1,28

 and provided 222 

consent for their data to be included (except in the U.S. were consent was not required as 223 

data were de-identified). Smokers and those with asthma COPD overlap (ACO) were not 224 

excluded. ISAR is currently developing a protocol to identify ACO patients within its severe 225 

asthma cohort. These eligibility criteria were chosen to reflect severe asthma patients in the 226 

real-world setting and to broaden the scope to include patients with uncontrolled 227 

moderate-to-severe asthma.  228 

 229 

Data collected 230 

Aggregated baseline demographic and clinical data for pre-specified analyses were 231 

transferred to ISAR  from secondary and tertiary severe asthma centers in the UK, Italy, 232 

South Korea and Australia. Patient level data was contributed by the US. Patients in the US 233 

registry were identified by meeting the ISAR eligibility criteria based on their diagnostic 234 

labelling medications to assess GINA Step 4- or Step-5 treatment and asthma control test 235 

score and/or pre-bronchodilator FEV1 < 80% predicted to ascertain asthma control status 236 

from their retrospective electronic medical health records. Data were collected from the 237 
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following registries between December 2014 to December 30
th

 2017: National Jewish Health 238 

Electronic Medical Record Severe Asthma Cohort (U.S., from all regions [predominantly 239 

Colorado/Wyoming] and a small proportion from other countries); the UK Severe Asthma 240 

Network and National Registry (4 sites);
19

 the Korean Academy of Asthma Allergy & Clinical 241 

Immunology registry (15 sites);
25

 the Severe Asthma Network Italy (61 sites);
24

 and the 242 

Australasian Severe Asthma Network’s Registry (i.e. Severe Asthma Web-based Database 243 

[SAWD], including patient data from Australia, Singapore and New Zealand, 23 sites).
20

  244 

 245 

ISAR captures 95 core variables agreed by Delphi consensus.
27

 Those presented in this 246 

article are summarized in e-Tables 3 and 4. Number of exacerbations was defined as the 247 

number requiring rescue systemic corticosteroids in the past 12 months. The U.S. used 248 

duration of OCS as a proxy for exacerbation (assuming 1 OCS course lasts for ≥7 days), in line 249 

with GINA 2018 recommendations, previously published research and based on discussion 250 

with the site-investigator.
28,29

 A retrospective analysis of NJH scripts found that most 251 

prednisolone scripts were for at least 7 days for acute use The number of hospitalization 252 

and emergency department admissions for asthma was the number in the past 12 months. 253 

The number of invasive ventilations was the number of episodes prior to data extraction. 254 

Co-morbidity was based on a formal diagnosis or reliably inferred from relevant prescription 255 

data. For the U.S. co-morbidity data was captured using ICD-10 codes for active diagnosis of 256 

comorbidity. Prescription data were used as a supplement to identify the co-morbidity 257 

status of allergic rhinitis and eczema as their active diagnosis was under-reported in the 258 

electronic medical records data. This was confirmed by the site lead and additional 259 

practitioners at the clinic. In addition to tracking regular OCS use (defined as ≥ 90 days of 260 

OCS use in a year), to capture risk for systemic corticosteroid adverse effects, intermittent 261 

OCS use was defined as the prescription for repeated OCS use and/or ≥ 2 exacerbations in a 262 

one-year period.
30

 Asthma control was categorized as controlled, partly-controlled or 263 

uncontrolled according to GINA criteria,
28

 determined using the Asthma Control Test 264 

questionnaire,
31

 or by the Asthma Control Questionnaire.
32

  265 

 266 

Ethics & governance 267 

This study was designed, implemented and reported in accordance with the “European 268 

Network Centres for Pharmacoepidemiology and Pharmacovigilance study”, (EMA 2014; 269 
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EUPAS25489), and performed in compliance with all applicable local and international laws 270 

and regulations. Governance was provided by The Anonymous Data Ethics Protocols and 271 

Transparency committee (Protocol number: 2249). All registries participating in ISAR 272 

received ethical approval in their own countries, and obtained regulatory agreement to 273 

provide de-identified data to ISAR in compliance with country-specific international data 274 

transfer laws and legislation and its relevant ethical boards and organizations. All patient-275 

level data extracted and transferred from the U.S. were hashed and entered into the 276 

research database as anonymized patient IDs.  277 

 278 

Statistical analysis 279 

Data was assessed using Stata version 14 (College Station, TX, US) or SAS version 9.4/9.5 280 

(Cary, NC, USA) according to a pre-defined data analysis plan to minimize bias. Descriptive 281 

statistics were reported as categorical variables for all variables, for the overall and country-282 

specific patient populations. Health care resource utilization (HCRU), immunoglobulin E (IgE) 283 

count, blood eosinophil count (BEC) and co-morbidities were also stratified by severe 284 

asthma status and gender for the overall population. 285 

  286 
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Results 287 

Demographic characteristics 288 

The study included 4,990 eligible patients with individual level data from the U.S. (n=3286), 289 

and aggregate data from UK (n=696), South Korea (n=439), Italy (n=310) and the SAWD 290 

registry (n=259). Patients were predominantly female, aged 55-79 years old, white, had 291 

never smoked and were overweight or obese (Table 1). South Korea had the oldest patients, 292 

the lowest prevalence of overweight/obese patients and the highest prevalence of current 293 

smokers (12.1%). Approximately 1/3 of individuals from the SAWD registry (30.0%), South 294 

Korea (33.9%) and the USA (36.8%) were ex-smokers (e-Table 5).  295 

 296 

Clinical characteristics 297 

Severity & lung function 298 

Most patients had uncontrolled asthma on GINA Step 4 (Figure 1). There was a higher 299 

proportion of women in both uncontrolled GINA Step 4 (59.3%) and Step 5 patients (59.4%). 300 

Patients from the UK and Italy tended to have more severe disease and those from the U.S. 301 

and South Korea, the least severe, compared to other countries (Figure 1). 302 

 303 

Percent predicted forced expiratory volume in one second (FEV1) and forced vital capacity 304 

(FVC) values appeared to be independent of severity, showed some inter-country variability, 305 

and little improvement post-bronchodilator (Table 2A). The mean post-bronchodilator 306 

forced expiratory volume in one second (FEV1)/forced vital capacity (FVC) was 0.69 (SD: 307 

0.13) for GINA step 5 patients, and 0.71 (SD: 0.13) for those with uncontrolled asthma on 308 

GINA Step 4 (Table 2A), indicating a substantial presence of fixed airway obstruction. The % 309 

of patients with FEV1/FVC <0.7 was 43% and 47% for GINA Step 4 and Step 5 patients, 310 

respectively. Bronchoconstriction was considered irreversible
33

 for those in both severity 311 

groups and irrespective of smoking history. Some inter-country variability was noted (Table 312 

2B). These findings not only justify the ISAR inclusion criteria for severe asthma, but also 313 

ratify the definition of severe asthma as outlined by ERS/ATS. Incidentally, those with low or 314 

limited reversibility are routinely excluded from asthma clinical trials. The inclusive nature of 315 

ISAR, and broad definition of severe asthma means that for the first time this population can 316 

be properly studied and characterized. 317 
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  318 

Age of onset 319 

The mean age at onset was 30.7 years.  77.5% of patients developed asthma after the age of 320 

12 years, and 34.4% developed it after the age of 40 yrs. Patients from the UK and SAWD 321 

registries developed asthma slightly earlier than this, and South Korea and Italy slightly later 322 

(Table 3 & e-Table 6). 323 

 324 

Asthma control, exacerbations & HCRU 325 

Figure 2A shows the proportion of patients with well-controlled, poorly controlled and 326 

uncontrolled asthma in the total population and also in each of the individual registries. 327 

57.2% of patients had poorly-controlled asthma on entry to their national registry; highest 328 

in the UK and SAWD registries, and lowest in Italy and South Korea. The proportion of 329 

patients with well-controlled, partly controlled and uncontrolled asthma were similar in 330 

GINA 4 (uncontrolled at entry) and GINA 5 groups. (e-Figure 2). The mean number of 331 

exacerbations (last 12 months) was 1.7. One quarter of patients reported ≥4 exacerbations 332 

(Figure 3). This was driven by severity, with most patients uncontrolled on GINA Step 4 (at 333 

inclusion) reporting 0 exacerbations (71.1%), whereas 42.5% of GINA Step 5 patients 334 

reported ≥4 exacerbations. The mean number of exacerbations was lowest in the USA and 335 

South Korea and highest in the UK (Table 3; Figure 3). HCRU was high, highest in the UK and 336 

lowest in South Korea (Figure 4), and was slightly higher for those patients on GINA step 5 337 

(e-Figure 3; e-Table 6).  338 

 339 

IgE concentration 340 

Half the severe asthma patient population had low IgE concentration (<150 IU/ml; Figure 341 

5A). IgE profile varied according to severity. More patients uncontrolled on GINA Step 4 (vs 342 

GINA Step 5) had low IgE concentrations (59.4% vs 43.7%). Conversely more patients on 343 

GINA Step 5 (vs uncontrolled on GINA Step 4) had high IgE concentrations (30.6% vs 23.3%). 344 

More females had low IgE levels and more males had high IgE concentrations, irrespective 345 

of severity. Most patients from the U.S. had low IgE serum concentrations, whereas patients 346 

from the UK, South Korea and the SAWD registries showed a 50/50 split between low versus 347 

intermediate/high IgE concentrations. An even distribution of patients across the IgE 348 

concentration categories was noted in Italy (Figure 5A; e-Table 6). 349 
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 350 

Blood eosinophil count 351 

48.5% of patients had a BEC >0.3 x 10
9 

cells/L. The majority of patients in the U.S., South 352 

Korea, and the SAWD registries had BEC ≤0.3, whereas the majority of patients from the UK 353 

and Italy had BEC ≥0.3 (Figure 5B). 354 

 355 

Fractional exhaled nitric oxide (FeNO) 356 

Overall, 43.1% of severe asthma patients had FeNO concentrations <25 ppb and 56.9% had 357 

a concentration ≥25 ppb. In the U.S. a similar proportion of patients had FeNO 358 

concentration <25 ppb and ≥25 ppb. Most patients from the UK, South Korea, and Italy had 359 

FeNO concentrations ≥25 ppb, whereas most SAWD patients had FeNO concentrations <25 360 

ppb (Figure 5C). 361 

 362 

Co-morbidities 363 

Allergic rhinitis (AR) was the predominant co-morbidity (49.4%) in the total population, 364 

followed by chronic rhinosinusitis (CRS; 21.4%), eczema (9.6%) and nasal polyps (NP; 7.3%). 365 

AR was the predominant co-morbidity in all countries. The U.S. had the highest prevalence 366 

of co-morbid CRS (26.8%), SAWD had the highest eczema prevalence (20.5%), and Italy the 367 

highest NP prevalence (22.3%)  (e-Table 6; e-Figure 1). 368 

 369 

Treatment 370 

51.1% of all patients (i.e. those on GINA Step 4 or Step 5) were receiving repeated 371 

intermittent OCS. Those from the UK, Italy and the SAWD registry had the highest 372 

intermittent OCS use, and the U.S. had the lowest (Table 3).  373 

 374 

All patients with uncontrolled asthma on GINA Step 4 were taking ICS/long-acting β2-agonist 375 

(LABA) therapy. The most common add-on to ICS/LABA was leukotriene receptor antagonist 376 

(LTRA), followed by long-acting muscarinic receptor antagonist (LAMA) and theophylline 377 

(Figure 6A). The same pattern was noted in the U.S. and UK registries. However, In South 378 

Korea theophylline is used more commonly than LAMA, and in Italy, LAMA is used more 379 

commonly than LTRA. UK had the highest proportion of patients on add-on LAMA. Add-on 380 
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therapy was used sparingly in the U.S. for patients with uncontrolled asthma on GINA Step 4 381 

(at baseline) (Figure 6A). 382 

 383 

For patients on GINA step 5, add-on regular OCS was used by almost half of patients on 384 

GINA Step 5, anti-IgE and anti-interleukin (IL)-5 each used by about 1/3 of patients, and 385 

macrolides prescribed for a minority. A wide range of inter-country variability was noted for 386 

regular OCS use (Figure 6B). Overall, 72.6% of severe asthma patients on GINA Step 5 were 387 

on therapeutic monoclonal antibody therapy (i.e. biologics), with notably high rates noted in 388 

Italy and the UK, and a relatively low rate of usage in South Korea (Table 3; Figure 6B). In 389 

Italy the predominant biologic was anti-IgE, but in the UK it was anti-IL5. The U.S. differed 390 

from other countries, in having a fairly even anti-IgE/anti-IL5 split, and also the highest 391 

proportion of patients on macrolides (Figure 6B). 392 

  393 
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Discussion 394 

The international severe asthma population is predominantly female, overweight/obese, 395 

non-smoking and in the 55-79 year age range. These patients experience 1.7 exacerbations 396 

per year on average, have poorly- or not well-controlled asthma, a low FEV1/FVC ratio, 397 

limited reversibility and high HCRU. AR is the predominant co-morbid disease. There is a 398 

fairly even proportion of patients with a low and intermediate/high serum IgE concentration 399 

and BEC. Most patients have a high FeNO concentration. Asthma treatment is severity-400 

specific. Approximately 30% of patients are on regular OCS therapy, over 50% are taking 401 

OCS intermittently, and approximately three quarters of patients with most severe disease 402 

are on biologics.  403 

 404 

There is substantial inter-registry heterogeneity in the clinical characteristics of patients 405 

managed within severe asthma services. More work is required to definitively explain many 406 

of these inter-country differences. We hypothesize that some of these differences may be 407 

indicative of variations in cultural and epidemiological patterns, as well as environmental 408 

pressures. Other differences could reflect country-specific system issues (e.g. differences in 409 

patient journey to severe asthma centers, selection bias, treatment landscape). Some 410 

differences may be explained by intrinsic differences in the asthma phenotype. ISAR has 411 

prioritized numerous research projects to help answer these outstanding questions such as 412 

investigating the impact of race, ethnicity and socioeconomic status on asthma outcomes, 413 

assessing variability in biologic access and use (both within and between countries), and 414 

comparing OCS use patterns around the world (http://isaregistries.org/isar-research-415 

updates/). 416 

 417 

South Korea had the oldest patients, the likely result of its aging population,
34

 and it has yet 418 

to experience the asthma epidemic seen in many western countries in the past decades.
35

 It 419 

has also the lowest prevalence of overweight/obese patients, perhaps due to the beneficial 420 

effect of Korean traditional diets.
36

 The high prevalence of current smokers in South Korea, 421 

is in keeping with this older population, who often have asthma chronic obstructive disease 422 

overlap,
37

 and further supported by the generally poorer lung function and less reversibility 423 

noted for these patients. The relatively late onset of asthma in South Korea may be linked to 424 

recent economic development there, and the subsequent spike in air pollution, associated 425 
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with an increased hospital admissions for asthma.
38

 Conversely, the relatively early age of 426 

onset of asthma in the UK and SAWD registries may be a consequence of the epidemic of 427 

childhood asthma first described in the second half of the 20
th

 century.
39

 Age of onset could 428 

have implications for response to biologic therapy; adult onset tends to do better on anti-IL-429 

5 or anti IL-5R, and younger onset tends to respond better to anti-IgE.
2,40

  430 

 431 

Other inter-country differences noted could be the result of broad system differences. High 432 

numbers of GINA Step 5 patients in the UK and Italy may occur because patients come from 433 

tertiary asthma centers (with strict referral criteria), and so naturally have the most severe 434 

disease. The high numbers with well-controlled asthma in Italy, and the low numbers in UK 435 

and SAWD are most likely due to the fact that in Italy patients are generally follow-up 436 

patients on biologic therapy, whilst those from the UK and SAWD registries are generally 437 

pre-biologic, first visit patients. These factors also help to explain the high exacerbation rate 438 

and HCRU in the UK, coupled with the fact that at least 4 exacerbations/year is required for 439 

biologic prescription in the UK.
41,42

 By contrast, the high proportion of patients with well-440 

controlled asthma in South Korea most likely reflects the rapid access to specialist care, and 441 

this, along with low cost of medications may explain the low HCRU there. 442 

 443 

The low exacerbation rate noted in the U.S. is most likely artificial, since exacerbation data 444 

were not captured directly, but rather by-proxy and conservatively via OCS use. This is 445 

because exacerbations are rarely coded in the US registry, but rather added in the free-text 446 

box. Future work to capture this free text information, as well as co-morbidity information, 447 

is ongoing and will be provided in future analyses. In the interim these data represent a 448 

useful benchmark to assess whether proxy OCS is a good or bad indicator of exacerbation 449 

rate. Definition overlap may account for the high prevalence of CRS in the U.S. (vs AR), 450 

whereas routine nasal examination of patients in Italy may explain the high prevalence of 451 

NP noted there. The high prevalence of eczema in the SAWD registry may be accounted for 452 

by a selection bias towards atopy, a requirement for omalizumab therapy.  453 

 454 

Inter-country differences in treatment strategies were also noted. The high OCS and biologic 455 

use in both UK and Italy, may be severity driven. Biologic treatment pattern also differed 456 

among these countries, with Italy being anti-IgE high, UK being anti-IL-5 high and the U.S. 457 
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exhibiting an even anti IgE/anti IL-5 split. These different patterns probably reflect biologic 458 

availability or perhaps point to phenotypic differences. The high prevalence of LAMA and 459 

LTRA add-on therapy noted in the UK aligns with British Thoracic Society guideline-directed 460 

care for GINA Step 4,
43

 and is in keeping with treatment at primary care. In South Korea, 461 

high regular OCS use (for GINA Step 5) and add-on theophylline and LTRA use (for GINA Step 462 

4) was also noted, but here the drivers may be different (e.g. patient preference for oral 463 

therapies,
44

 availability and reimbursement for these medications). Biologics are not 464 

reimbursed in South Korea and rarely used.  465 

 466 

This first ISAR dataset also facilitates categorization and comparison of asthma biomarker 467 

phenotypes across countries. The UK and Italy appear to have a predominance of TH2-high, 468 

eosinophilic asthma, evidenced by consistently high FeNO and BEC.
2,45,46

 The earlier onset of 469 

asthma in the UK, combined with a tendency for higher IgE levels could indicate a 470 

predominance of allergic asthma, while the later asthma onset, lower IgE levels and high 471 

prevalence of NP in Italy suggests the predominance of non-allergic phenotype.
47

 Although 472 

baseline IgE levels may not predict likelihood of response to biologics,
48

 higher BEC noted 473 

both in UK and Italy do predict better response, both to anti-IgE,
49,50

 and to anti-IL-5/IL-5R.
51

 474 

High exacerbation rates/year noted in both countries, and presence of NP in Italy are also 475 

factors which may predict good response to anti-IL-5 therapy.
2
 By contrast, the low BEC and 476 

low FeNO biomarker profile noted for the SAWD registry is more indicative of a 477 

predominant non-eosinophilic, TH2-low asthma population, whereas the profiles observed 478 

in the U.S. and South Korea registries are more ambiguous and could suggest a split of TH2 479 

high and TH2-low asthma phenotypes (e-Table 6).  480 

 481 

Merging data from pre-existing registries brought its own challenges, including inter-country 482 

variability in the type of patients included in registries and standardization of variable 483 

definitions, as well as use of retrospective data. Although there was a bias towards white 484 

patients in this first ISAR dataset, a much broader ethnic diversity is will be contained in 485 

future datasets as ISAR continues to expand into Asia, Africa and South America. A strength 486 

of this study is its size, and the fact that data collected in registries are more heterogeneous 487 

than that collected in RCTs, and more representative of patients in real-life.
52

 Use of patient 488 

level data also provides the opportunity to conduct biostatistical multivariate analyses, to 489 



Characterization of severe asthma globally 

20 | Page 

track patient progress longitudinally, and to analyze response to treatment and changes in 490 

medical management. It is important to have both baseline and prospective data in order to 491 

describe the patient journey, to compare a baseline to a post-biologic timeline and even 492 

answer the question, “who ends up with severe asthma?” 493 

 494 

Conclusion 495 

This study provides the first description of an international managed severe asthma 496 

population, and facilitated a comparison of demographic and clinical characteristics across-497 

country and health care systems. Initial country-specific biomarker profiles have been 498 

identified.  Prospective data collection for the ISAR registry began in 2018 in Italy, USA, 499 

South Korea, and the UK. This will ensure better standardization of data fields, facilitating 500 

more accurate cross-country comparisons, and reducing any data incongruence in upcoming 501 

ISAR datasets.  502 

  503 
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Table 1: patient demographic characteristics of all patients in the ISAR database 659 

Gender, n (%) – N=4986 

 Female  

 Male 

 

2957 (59.3) 

2029 (40.7) 

Age (years) – N=4967 

 Mean (SD) 

 18-34, n (%) 

 35-54, n (%) 

 55-79, n (%) 

 ≥ 80, n (%)   

 

55.0 (15.9) 

658 (13.2) 

1510 (30.4) 

2588 (52.1) 

211 (4.2) 

Ethnicity, n (%) – N=4912 

 White 

 Asian 

 African 

 Mixed 

 Other 

 Unknown 

 

3568 (72.6) 

589 (12.0) 

263 (5.4) 

31 (0.6) 

130 (2.6) 

331 (6.7) 

BMI (kg/m
2
), n (%) – N=4901 

 Underweight (<18.5) 

 Normal (≥18.5 to < 25) 

 Overweight (≥25 to < 30) 

 Obese (≥ 30) 

 

105 (2.1) 

1345 (27.4) 

1531 (31.2) 

1920 (39.2) 

Smoking status, n (%) – N=4947 

 Current smoker 

 Ex-smoker 

 Never smoked 

 

294 (5.9) 

1656 (33.4) 

2997 (60.5) 

ISAR: Internal Severe Asthma Registry; SD: standard deviation; BMI: 

body mass index 

* N refers to total number of patients with non-missing data 660 
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Table 2A: Lung function for patients uncontrolled on GINA Step 4 or on GINA Step 5 661 

included in ISAR and according to country/registry  662 

 Uncontrolled on GINA Step 4 

Pre-bronchodilator Post-bronchodilator 

FEV1 (%) FVC (%) FEV1/FVC FEV1 (%) FVC (%) FEV1/FVC 

All  71.9 (15.3) 

n=2801^ 

78.7 (14.9) 

n=2936 

0.69 (0.12) 

n=2633 

75.6 (16.0) 

n=2104 

81.8 (14.6) 

n=2501 

0.71 (0.13) 

n=1755 

USA  72.3 (13.7) 

n=2244 

78.2 (14.1) 

n=2382 

0.70 (0.11) 

n=2512 

75.8 (14.1) 

n=1591 

81.4 (13.6) 

n=1639 

0.71 (0.13) 

n=1732 

UK  72.5 (22.3) 

n=117 

85.2 (17.8) 

n=114 

-* 77.5 (22.5) 

n=73 

91.5 (18.1) 

n=71 

-* 

SK  68.1 (20.1) 

n=341 

76.7 (18.0) 

n=341 

0.6 (0.16) 

n=12 

73.8 (21.1) 

n=341 

81.9 (18.2) 

n=341 

0.62 (0.17) 

n=12 

IT  74.2 (20.5) 

n=99 

91.5 (18.8) 

n=99 

0.65 (0.11) 

n=109 

77.1 (19.1) 

n=99 

-~ 0.59 (0.14) 

n=11 

 GINA Step 5 

All  70.4 (19.0) 

(n=1437^) 

82.5 (17.3) 

(n=1484) 

0.68 (0.12) 

(n=1045) 

76.2 (19.2) 

(n=975) 

84.5 (17.3) 

(n=775) 

0.69 (0.13) 

(n=530) 

USA  74.9 (15.8) 

(n=625) 

80.1 (15.3) 

(n=688) 

0.69 (0.11) 

(n=740) 

75.5 (15.6) 

(n=390) 

82.1 (14.2) 

(n=413) 

0.69 (0.13) 

(n=445) 

UK  65.2 (22.0) 

(n=503) 

84.5 (20.4) 

(n=487) 

-* 71.1 (21.9) 

(n=276) 

89.9 (20.5) 

(n=264) 

- 

SK  68.0 (20.7) 

(n=98) 

77.5 (19.0) 

(n=98) 

0.60 (0.13) 

(n=8) 

72.1 (21.4) 

(n=98) 

80.4 (19.8) 

(n=98) 

0.63 (0.15) 

(n=8) 

IT 70.7 (18.8) 

(n=211) 

88.3 (18.4) 

(n=211) 

0.66 (0.13) 

(n=297) 

86.0 (20.5) 

(n=211) 

-~ 0.68 (0.14) 

(n=77) 

 663 

FEV1: forced expiratory volume in one second; FVC: forced vital capacity; SK: south Korea; IT: 664 

Italy 665 

FEV1 and FVC: data presented as mean % predicted (standard deviation) 666 
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% predicted data are based on aggregate level data from UK, USA, SK and IT; aggregate data 667 

for % predicted lung function was not available for SAWD patients.FEV1/FVC is derived from 668 

patient level lung function data from USA, SK and IT.  669 

^ N refers to total number of patients with non-missing data 670 

*Patient-level data was used to compute FEV1/FVC ratio; it was not available for UK; was 671 

available for 12 and 8 patients (GINA Step 4 and 5, respectively) from SK. 672 

~Data not available for post-BD % predicted FVC for IT. 673 

 674 

  675 
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Table 2B: Bronchodilator reversibility (%) as a function of asthma severity and smoking 676 

status for all patients included in ISAR and according to country/registry 677 

 

Country 

GINA Step 4 GINA Step 5 

Smokers Non-smokers Smokers Non-smokers 

 ERS definition (change from % predicted FEV1; threshold >9%)
33

 

All (n*=2120) 6.9% (6.9) 6.7% (7.8) 7.6% (8.1) 7.0% (8.6) 

USA (n=1849) 7.0%(6.9) 6.6%(6.9) 7.0% (7.9) 6.5% (7.8) 

SK (n=20) 6.2% (6.9) 5.0% (4.9) 4.1% (3.1) 9.0% (5.1) 

IT (n=251) 7.5% (7.0) 9.0% (17.5) 9.9% (9.0) 7.6% (9.8) 

 ATS definition (change from initial FEV1 (%); threshold >12%)
53

 

All (n=2238) 12.0% (16.3) 8.2% (8.0) 13.2% (14.8) 12.0% (17.7) 

USA (n=1967) 12.0% (16.4) 11.9% (17.9) 13.0% (15.4) 11.9% (17.4) 

SK (n=20) 10.1% (11.4) 13.1% (22.6) 6.9% (5.7) 11.4% (7.0) 

IT (n=251) 10.7% (9.2) 13.1% (22.6) 14.8% (13.2) 12.1% (18.3) 

GINA: Global Initiative for Asthma; SK: South Korea; IT: Italy; FEV1: forced expiratory volume 678 

in one second; FVC: forced vital capacity; ERS: European Respiratory Society; ATS: American 679 

Thoracic Society 680 

Bronchodilator Reversibility (% change in lung function) are presented as mean (standard 681 

deviation) bronchodilator reversibility according to ERS/ATS definition.  682 

* N represents total number of patients with non-missing data; includes both GINA Step-4 683 

and Step-5 patients 684 

*Patient-level data from USA and IT was used to compute bronchodilator reversibility (% 685 

change in lung function); it was not available for UK; was available for 20 patients from SK. 686 

  687 
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 688 

Table 3: Demographic and clinical characteristics for all patients included in ISAR and according to country/registry 689 

GINA Step 4 AND Step 5 Patients GINA Step 5  patients only# 

 

Country 

Mean 

Age, 

yrs 

(SD) 

% Overweight 

/obese  
(95% CI) 

Mean age 

of onset, 

yrs (SD)* 

Mean 

Exacerbations/

yr (SD) 

% on 

repeated  

Intermittent 

OCS 
(95% CI) 

% on Regular 

OCS  

(95% CI) 

% on  Biologics 

(Anti IgE/Anti 

IL-5) 
(95% CI) 

% on Regular OCS  
(95% CI)  

% on Biologics (Anti 

IgE/Anti IL-5) 
(95% CI) 

All  

(4990) 

55.0 

(15.9) 

70.4%  

(69.1-71.7%) 

30.7 (17.7) 1.7 (2.7) 51.1% 

(49.8-52.5%) 

30.1% 

(24.5-35.7%) 

25.4% 

(24.2-26.6%) 

48.8% 

(38.8-58.7%) 

72.6% 

(63.8-81.5%) 

USA 

(n=3286) 

55.5 

(16.7) 

74.2% 

(70.0-78.3%) 

N/A 0.8 (1.6)‡ 26.8%‡ 

(25.3-28.4%) 

23.3% 

(21.8-24.7%) 

16.2% 

(15.0-17.5%) 

20.4% 

(17.5-23.2%) 

69.8% 

(60.7-78.9%) 

UK 

(n=696) 

48.3 

(14.1) 

78.2% 

(74.3-82.1%) 

25.4 (18.7) 5.0 (4.0) 100.0% 

(0-0%) 

59.6% 

(56.0-63.3%) 

67.3% 

(63.8-70.8%) 

72.9% 

(69.3-76.6%) 

82.4% 

(74.8-89.9%) 

South 

Korea 

(n=439) 

62.4 

(14.1) 

35.1% 

(30.6-39.6%) 

41.0 (17.1) 1.1 (1.5) 48.3% 

(43.6-53.0%) 

20.7% 

(16.9-24.5%) 

1.4% 

(0.3-2.4%) 

92.9% 

(87.8-98.0%) 

6.1% 

(1.4-10.9%) 

Italy 

(n=310) 

54.5 

(13.8) 

54.6% 

(49.9-59.3%) 

34.4 (17.1) 3.7 (7.2) 92.3% 

(89.3-95.2%) 

63.1  

(56.5, 69.1%) 

69.3% 

(64.2-74.5%) 

61.4% 

(54.9-68.0%) 

100.0% 

(0-0%) 

SAWD§ 

(n=259) 

55.1 

(15.3) 

80.6% 

(76.9-84.3%) 

22.7 (17.1) 3.3 (2.9) 85.3% 

(81.0-89.6%) 

24.7% 

(19.5-30.0%) 

17.0% 

(12.4-21.6%) 

66% 

(56.6-75.4%) 

45.4% 

(35.5-55.2%) 
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Footnotes: * US data not available for age of asthma onset; † defined by ACT or ACQ; ‡ duration of OCS exposure used as a proxy for asthma exacerbation 

assuming 1 course lasts for ≥ 7 days; § Australia: n=225; Singapore: n=16; New Zealand: n=18; # GINA Step 5 (N): All (n=1740), USA (n=765), UK (n=569), South 

Korea (n=98), IT (n=211), SAWD (n=97). 

Definitions – exacerbations: requiring rescue steroids in the past year OR defined according to duration of OCS (assume 1 course last for ≥ 7 days); Regular OCS: 

prescription for ≥90 days of OCS exposure in the observation year; Intermittent OCS use: prescription for repeated OCS use and/or ≥ 2 exacerbations (treated 

with OCS). Abbreviations: SD: standard deviation; OCS: oral corticosteroid; IgE: Immunoglobulin E: IL-5: interleukin-5; SAWD: Severe Asthma Web-based 

Database 

 690 
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Figure Legends 691 

Figure 1: Asthma severity distribution in the total International Severe Asthma Registry 692 

population and by country. GINA: Global Initiative for Asthma; IT: Italy; SAWD: Severe 693 

Asthma Web-based Database; SK: South Korea. 694 

Figure 2: Proportion of patients with poorly-, not well- and well-controlled asthma in the  695 

total International Severe Asthma Registry population and by country. Control defined 696 

according to Asthma Control Test or Asthma Control Questionnaire categorizations. ACT: 697 

well=controlled: 20-25; not well controlled: 16-20; and very poorly controlled: 5-15.
33

 698 

Asthma Control Questionnaire - well controlled: 0-0.75; grey zone: 0.75-1.5; and poorly 699 

controlled: >1.5.
34

 IT: Italy; SAWD: Severe Asthma Web-based Database; SK: South Korea.  700 

Figure 3: Proportion of patients with 0, 1, 2, 3 and ≥4 asthma exacerbations in the last 12 701 

months in the total International Severe Asthma Registry population and by country. An 702 

exacerbation was defined as a symptom episode requiring rescue steroids in the past year. 703 

*In the USA duration of oral corticosteroid (OCS) was used as a proxy for exacerbation 704 

(assuming 1 OCS course lasts for 7 days). IT: Italy; SAWD: Severe Asthma Web-based 705 

Database; SK: South Korea 706 

Figure 4: Healthcare resource utilization in the total International Severe Asthma Registry 707 

population and by country. IT: Italy; SAWD: Severe Asthma Web-based Database; SK: South 708 

Korea. HCRU data not available for U.S. 709 

Figure 5: Biomarker distribution in the total International Severe Asthma Registry 710 

population and across countries. IT: Italy; SAWD: Severe Asthma Web-based Database; SK: 711 

South Korea. Units for blood eosinophil counts: x 10
9
 cells/L. 712 

Figure 6: Medication regimen for (A) those with uncontrolled asthma on GINA Step 4 on 713 

ICS+LABA add-on therapies and (B) those on GINA Step 5, in the total International Severe 714 

Asthma Registry population and by country. GINA: Global Initiative for Asthma; IgE: 715 

Immunoglobulin E; IL-5: Interleukin-5; IT: Italy; LAMA: long-acting muscarinic receptor 716 

antagonist; LTRA: leukotriene receptor antagonist; OCS: oral corticosteroid; SAWD: Severe 717 

Asthma Web-based Database; SK: South Korea. SAWD data not available for LAMA, LTRA 718 

(GINA step 4) or Anti-IL-5, macrolides or other steroid sparing agents (GINA Step 5). 719 




















