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Supplementary Methods: Data handling 

The following assumptions were made when deriving the number (n) and % with a measurement of 

the attribute, when not reported: 

1. When n alone was recorded a percentage was derived from n and the number in the arm of the 

study. 

2. When percentage alone was recorded, it was assumed that measurement was taken on all 

participants and the number with the attribute was derived from the percentage value and the 

number in the arm of the study. 

3. When n was not provided and could not be derived, combined estimates of the mean and 

standard deviation (SD) for attributes were based on assuming all patients had a measurement 

taken.  

4. Where a mean and confidence interval (CI) was provided, a SD was determined assuming all 

patients had a measurement taken. 

 

Supplementary Results A: Description of articles for which total-population data 

were available 

Characteristics and details of the eligible articles, including details of inclusion criteria, for which 

total population data were available (or could be calculated based on available data) are reported in 

Supplementary Table S2.  

COPD (or other non-asthmatic chronic pulmonary disorders) or a history of heavy smoking were 

listed as exclusion criteria for 22 studies in asthma (16 studies excluded participants with COPD or 

other non-asthmatic chronic pulmonary disorders [1–16]; 6 studies excluded current smokers, 

individuals with a history of smoking >10 pack-years or with missing information on smoking history 

[17–22]) and 5 studies in severe asthma (4 studies excluded participants with COPD or other non-

asthmatic chronic pulmonary disorders [2,18,23,24] and 1 study excluded participants with a 

smoking history >30 pack-years [25]). 

 

Asthma  

Of the 44 articles identified that included an asthma population, five reported data for sub-groups 

only and that could not be combined to create a total population because EOS data were reported 

only as medians (these are described below). Thus, of the 39 asthma studies that had total 

population data available/calculable, most were conducted in Europe (n=21), the USA (n=9) or South 

East Asia (n=7), with one study in New Zealand and one in Brazil; study sizes ranged from 200–

363,558 participants, there were 15 studies with populations >1000 individuals, 14 of which were 
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conducted in the USA/Europe and one was conducted in Korea. Asthma was defined by spirometry 

in 11 studies [3,14,16,18,20,21,26,27,28–30], by physician report in 5 studies [7,11,17,31–32], was 

based on diagnostic codes from electronic medical records (EMR) in 7 studies [1,6,8–10,13,15], 7 

studies specified international guidelines and/or current treatment to define severity [2,4,19,33–36] 

and the remaining 9 studies relied on patient self-reporting [5,22,37–43]. Fifteen studies included 

paediatric patients [1,8–11,13,15,16,18;29,30,36,37,40,44] while 17 studies were restricted to 

adults. 

 

Severe Asthma  

Two of the 14 articles with a severe asthma population only reported sub-group level data as median 

EOS and therefore could not be combined; thus 12 articles had total population data available. 

These studies were conducted in Europe (n=7), North America (n=4), and Brazil (n=1); study sizes 

ranged from 212–1,042 individuals and the single study with a population >1000 individuals was 

conducted in the UK. Severe asthma was defined by spirometry in 3 studies [18,45,71], was based on 

EMR diagnostic codes in another 2 studies [23,46]; the remaining 8 studies used international 

guidelines and/or current treatment to define severity. Four studies included paediatric patients 

[18,23,25,45], while 7 studies were restricted to adults only. 

 

COPD 

All 23 COPD studies had total population data available/calculable, were conducted in the USA (n=8), 

Europe (n=10), and Asia (n=7) (two studies reported data from cohorts in both the USA and Europe). 

Study sizes ranged from 220–39,824 participants and there were 11 studies with populations >1000 

individuals, nine of which were conducted in the USA/Europe and two were conducted in Asia (Japan 

and Turkey). COPD was defined by spirometry in 20 studies [21,37,47–64], and was based on EMR 

diagnostic codes in 3 studies [12,65,66]. One study included patients aged ≤35 years. 

 

Control and General Populations 

Control populations were reported in 10 of the studies that investigated asthma, severe asthma, 

and/or COPD populations; two of these 10 only reported sub-group level data as median EOS and 

thus could not be combined. Total population data were therefore available for eight control 

populations, which were based in Europe (n=6) and North America (n=2), and ranged in size from 

178–90,772 individuals. All 8 studies were restricted to adults. 

 

Of the 16 studies reporting a general population, two of which only reported sub-group level data as 

median EOS and thus could not be combined, 14 reported total population data and had widespread 
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sources including African countries (n=3), Europe (n=4), the USA (n=2), Asia (n=4) and Australia 

(n=1), ranging in size from 240–81,668 participants. There were 12 studies with populations >1000 

individuals, six of which were conducted in the USA/Europe, three were conducted in Asia (Hong 

Kong, Japan, and Turkey), two were conducted in Africa (Morocco, and multiple African countries, 

and one was conducted in Australia. One study included paediatric patients (aged 6–80 years [44] 

while 12 studies were restricted to adults.  

 

Supplementary Results B: articles for which only median sub-group blood EOS 

counts were available  

 

Asthma  

Five asthma studies reported data as median (IQR) EOS that could not be combined (non-

occupational asthma, 200 cells/µL [200] and occupational asthma, 200 cells/µL [300] [67]; adults 

with no asthma exacerbations, 201 cells/µL [121–315], adults with 1–2 asthma exacerbations, 207 

cells/µL [130–372] and adults with ≥3 asthma exacerbations, 230 cells/µL [116–442] [68]; never-

smoker with airflow limitation with asthma, 270 cells/µL [170–400] and never-smoker without 

airflow limitation with asthma, 210 cells/µL [130–330] [69]; eosinophilic asthma, 315 cells/μL [202–

513], neutrophilic asthma, 129 cells/μL [79–228], mixed granulocytic asthma, 289 cells/μL [216–449] 

and paucigranulocytic asthma, 140 cells/μL [85–227] [70]; paucigranulocytic asthma, 160 cells/µL [0–

1220], eosinophilic asthma, 360 cells/µL [0–3220], neutrophilic asthma, 170 cells/µL [20–1020] and 

mixed granulocytic asthma, 420 cells/µL [190–3040] [71]). 

 

Severe Asthma  

Two severe asthma studies reported data as median (IQR) EOS that could not be combined (non-

smokers with severe asthma, 0.2 [0.3] [no units] [N=302] and current/ex-smokers with severe 

asthma, 0.22 [0.29] [no units] [N=106] [72]; never smokers with severe asthma, 270 cells/µL [100–

550], exsmokers with severe asthma, 300 cells/µL [120–580] and current smokers with severe 

asthma 210 cells/µL [120–400] [73]). 

 

Control and General Populations 

Two studies with control populations reported data as median (IQR) EOS that could not be combined 

(healthy never smokers, 150 cells/µL [100–220] and healthy ever smokers, 160 cells/µL [110–240] 

[21]; non-asthmatic never-smokers with airflow limitation, 170 cells/µL [110–250] and non-

asthmatic never-smokers without airflow limitation, 160 cells/µL [110–240] [69]).  
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Two general population studies reported data as median EOS that could not be combined (male 

healthy adult volunteers, 100 cells/µL [95th percentile: 0.0–1000] female healthy adult volunteers, 

130 cells/µL [95th percentile: 10–1090] [74]; males aged <60 years 0.029 [units given as ‘fraction’] 

[IQR: 0.018–0.046], males aged ≥60 years 0.028 [units given as ‘fraction’] [IQR: 0.017–0.045] females 

aged <60 years 0.021 [units given as ‘fraction’] [IQR: 0.014–0.034], females aged ≥60 years 0.022 

[units given as ‘fraction’] [IQR: 0.015–0.034] [75]). 

 

References for Supplementary Results A and B 

1. Kerkhof M, Tran TN, Soriano JB, Golam S, Gibson D, Hillyer EV, Price DB. Healthcare resource 

use and costs of severe, uncontrolled eosinophilic asthma in the UK general population. 

Thorax. 2018;73(2):116-124. 

2. Lima-Matos A, Ponte EV, de Jesus JPV, Almeida PCA, Lima VB, Kwon N, Riley J, de Mello LM, 

Cruz AA. Eosinophilic asthma, according to a blood eosinophil criterion, is associated with 

disease severity and lack of control among underprivileged urban Brazilians. Respir Med. 

2018;145:95-100. 

3. Seo H-J, Lee P-H, Kim B-G, Lee S-H, Park J-S, Lee J, Park S-W, Kim D-J, Park C-S, Jang A-S. 

Methacholine bronchial provocation test in patients with asthma: serial measurements and 

clinical significance. Korean J Intern Med. 2018;33(4):807-814. 

4. Papi A, Ryan D, Soriano JB, Chrystyn H, Bjermer L, Rodríguez-Roisin R, Dolovich MB, Harris M, 

Wood L, Batsiou M, Thornhill SI, Price DB. Relationship of Inhaled Corticosteroid Adherence 

to Asthma Exacerbations in Patients with Moderate-to-Severe Asthma. J Allergy Clin Immunol 

Pract. 2018;6(6):1989-1998.e3. 

5. Akiki Z, Rava M, Diaz Gil O, Pin I, le Moual N, Siroux V, Guerra S, Chamat S, Matran R, Fitó M, 

Salameh, Nadif R. Serum cytokine profiles as predictors of asthma control in adults from the 

EGEA study. Respir Med. 2017;125:57-64. 

6. Zeiger RS, Schatz M, Li Q, Chen W, Khatry DB, Tran TN. Burden of Chronic Oral Corticosteroid 

Use by Adults with Persistent Asthma. J Allergy Clin Immunol Pract. 2017;5(4):1050-1060.e9. 

7. Kimura H, Konno S, Nakamaru Y, Makita H, Taniguchi N, Shimizu K, Suzuki M, Ono J, Ohta S, 

Izuhara K, Nishimura M, Hokkaido-based Investigative Cohort Analysis for Refractory Asthma 

Investigators. Sinus Computed Tomographic Findings in Adult Smokers and Nonsmokers with 

Asthma. Analysis of Clinical Indices and Biomarkers. Ann Am Thorac Soc. 2017;14(3):332-341. 

8. Casciano J, Krishnan J, Dotiwala Z, Li C, Sun SX. Clinical and Economic Burden of Elevated Blood 

Eosinophils in Patients With and Without Uncontrolled Asthma. J Manag Care Spec Pharm. 

2017;23(1):85-91. 



6 
 

9. Blakey JD, Price DB, Pizzichini E, Popov TA, Dimitrov BD, Postma DS, Josephs LK, Kaplan A, Papi 

A, Kerkhof M, Hillyer EV, Chisholm A, Thomas M. Identifying Risk of Future Asthma Attacks 

Using UK Medical Record Data: A Respiratory Effectiveness Group Initiative. J Allergy Clin 

Immunol Pract. 2017;5(4):1015-1024.e8. 

10. Casciano J, Krishnan JA, Small MB, Buck PO, Gopalan G, Li C, Kemp R, Dotiwala Z. Value of 

peripheral blood eosinophil markers to predict severity of asthma. BMC Pulm Med. 

2016;16(1):109. 

11. Price D, Wilson AM, Chisholm A, Rigazio A, Burden A, Thomas M, King C. Predicting frequent 

asthma exacerbations using blood eosinophil count and other patient data routinely available 

in clinical practice. J Asthma Allergy. 2016;9:1-12. 

12. Zeiger RS, Schatz M, Li Q, Chen W, Khatry DB, Tran TN. Characteristics and Outcomes of HEDIS-

Defined Asthma Patients with COPD Diagnostic Coding. J Allergy Clin Immunol Pract. 

2016;4(2):273-283.e5. 

13. Pola-Bibian B, Dominguez-Ortega J, Vilà-Nadal G, Entrala A, González-Cavero L, Barranco P, 

Cancelliere N, Díaz-Almirón M, Quirce S. Asthma exacerbations in a tertiary hospital: clinical 

features, triggers, and risk factors for hospitalization. J Investig Allergol Clin Immunol. 

2016;14:0. 

14. de Groot JC, Storm H, Amelink M, de Nijs SB, Eichhorn E, Reitsma BH, Bel EH, ten Brinke A. 

Clinical profile of patients with adult-onset eosinophilic asthma. ERJ Open Res. 

2016;2(2):00100-2015. 

15. Price DB, Rigazio A, Campbell JD, Bleecker ER, Corrigan CJ, Thomas M, Wenzel SE, Wilson AM, 

Small MB, Gopalan G, Ashton VL, Burden A, Hillyer EV, Kerkhof M, Pavord ID. Blood eosinophil 

count and prospective annual asthma disease burden: a UK cohort study. Lancet Respir Med. 

2015;3(11):849-858. 

16. Agarwal R, Aggarwal AN, Garg M, Saikia B, Chakrabarti A. Cut-off values of serum IgE (total 

and A. fumigatus -specific) and eosinophil count in differentiating allergic bronchopulmonary 

aspergillosis from asthma. Mycoses. 2014;57(11):659-663. 

17. Kumar R, Gupta N. Exhaled nitric oxide atopy, and spirometry in asthma and rhinitis patients 

in India. Adv Respir Med. 2017;85(4):186-192. 

18. Teague WG, Phillips BR, Fahy JV, Wenzel SE, Fitzpatrick AM, Moore WC, Hastie AT, Bleecker 

ER, Meyers DA, Peters SP, Castro M, Coverstone AM, Bacharier LB, Ly NP, Peters MC, Denlinger 

LC, Ramratnam S, Sorkness RL, Gaston BM, Erzurum SC, Comhair SAA, Myers RE, Zein J, DeBoer 

MD, Irani A-M, Israel E, Levy B, Cardet JC, Phipatanakul W, Gaffin JM, Holguin F, Fajt ML, Aujla 



7 
 

SJ, Mauger DT, Jarjour NN. Baseline Features of the Severe Asthma Research Program (SARP 

III) Cohort: Differences with Age. J Allergy Clin Immunol Pract. 2018;6(2):545-554.e4. 

19. Westerhof GA, Korevaar DA, Amelink M, de Nijs SB, de Groot JC, Wang J, Weersink EJ, ten 

Brinke A, Bossuyt PM, Bel EH. Biomarkers to identify sputum eosinophilia in different adult 

asthma phenotypes. Eur Respir J. 2015;46(3):688-696. 

20. Matsunaga K, Yanagisawa S, Hirano T, Ichikawa T, Koarai A, Akamatsu K, Sugiura H, Minakata 

Y, Matsunaga K, Kawayama T, Ichinose M. Associated demographics of persistent exhaled 

nitric oxide elevation in treated asthmatics. Clin Exp Allergy. 2012;42(5):775-781. 

21. Çolak Y, Afzal S, Nordestgaard BG, Marott JL, Lange P. Combined value of exhaled nitric oxide 

and blood eosinophils in chronic airway disease: the Copenhagen General Population Study. 

Eur Respir J. 2018;52(2):1800616.  

22. Amaral R, Fonseca JA, Jacinto T, Pereira AM, Malinovschi A, Janson C, Alving K. Having 

concomitant asthma phenotypes is common and independently relates to poor lung function 

in NHANES 2007-2012. Clin Transl Allergy. 20184;8:13. 

23. Husereau D, Goodfield J, Leigh R, Borrelli R, Cloutier M, Gendron A. Severe, eosinophilic 

asthma in primary care in Canada: a longitudinal study of the clinical burden and economic 

impact based on linked electronic medical record data. Allergy Asthma Clin Immunol. 

2018;14:15. 

24. Zeiger RS, Schatz M, Dalal AA, Chen W, Sadikova E, Suruki RY, Kawatkar AA, Qian L. Blood 

Eosinophil Count and Outcomes in Severe Uncontrolled Asthma: A Prospective Study. J Allergy 

Clin Immunol Pract. 2017;5(1):144-153.e8. 

25. Chipps BE, Haselkorn T, Paknis B, Ortiz B, Bleecker ER, Kianifard F, Foreman AJ, Szefler SJ, 

Zeiger RS,  the Epidemiology and Natural History of Asthma: Outcomes and Treatment 

Regimens Study Group. More than a decade follow-up in patients with severe or difficult-to-

treat asthma: The Epidemiology and Natural History of Asthma: Outcomes and Treatment 

Regimens (TENOR) II. J Allergy Clin Immunol. 2018;141(5):1590-1597.e9. 

26. Calciano L, Portas L, Corsico AG, Olivieri M, Degan P, Ferrari M, Fois A, Fratta Pasini AM, Pasini 

A, Zanolin ME, de Marco R, Accordini S. Biomarkers related to respiratory symptoms and lung 

function in adults with asthma. J Breath Res. 2018;12(2):026012. 

27. Semprini R, Williams M, Semprini A, McDouall A, Fingleton J, Holweg C, Weatherall M, Beasley 

R, Braithwaite I. Type 2 Biomarkers and Prediction of Future Exacerbations and Lung Function 

Decline in Adult Asthma. J Allergy Clin Immunol Pract. 2018;6(6):1982-1988.e1. 



8 
 

28. Pretolani M, Soussan D, Poirier I, Thabut G, Aubier M, the COBRA Study Group. Clinical and 

biological characteristics of the French COBRA cohort of adult subjects with asthma. Eur Respir 

J. 2017;50(2):1700019. 

29. Tuomisto LE, Ilmarinen P, Niemelä O, Haanpää J, Kankaanranta T, Kankaanranta H. A 12-year 

prognosis of adult-onset asthma: Seinäjoki Adult Asthma Study. Respir Med. 2016;117:223-

229.  

30. Ali Z, Dirks CG, Ulrik CS. Long-term mortality among adults with asthma: a 25-year follow-up 

of 1,075 outpatients with asthma. Chest. 2013;143(6):1649-1655. 

31. Mäkelä MJ, Christensen HN, Karlsson A, Rastogi S, Kettunen K. Health care resource utilization 

and characteristics of patients with eosinophilic asthma in secondary health care in Finland. 

Eur Clin Respir J. 2018;5(1):1458560. 

32. Schleich F, Brusselle G, Louis R, Vandenplas O, Michils A, Pilette C, Peche R, Manise M, Joos G. 

Heterogeneity of phenotypes in severe asthmatics. The Belgian Severe Asthma Registry 

(BSAR). Respir Med. 2014;108(12):1723-1732. 

33. Lee J-H, Jang A-S, Park S-W, Kim D-S, Park C-S. Gene-Gene Interaction Between CCR3 and 

Eotaxin Genes: The Relationship With Blood Eosinophilia in Asthma. Allergy Asthma Immunol 

Res. 2014;6(1):55-60. 

34. Amelink M, de Nijs SB, de Groot JC, van Tilburg PMB, van Spiegel PI, Krouwels FH, Lutter R, 

Zwinderman AH, Weersink EJM, ten Brinke A, Sterk PJ, Bel EH. Three phenotypes of adult-

onset asthma. Allergy. 2013;68(5):674-680.  

35. Hastie AT, Moore WC, Li H, Rector BM, Ortega VE, Pascual RM, Peters SP, Meyers DA, Bleecker 

ER, the National Heart, Lung, and Blood Institute’s Severe Asthma Research Program. 

Biomarker surrogates do not accurately predict sputum eosinophil and neutrophil 

percentages in asthmatic subjects. J Allergy Clin Immunol. 2013;132(1):72-80. 

36. Park H-W, Kwon H-S, Kim T-B, Kim S-H, Chang Y-S, Jang A-s, Cho Y-S, Nahm D-H, Park J-W, Yoon 

H-J, Cho Y-J, Choi BW, Moon H-B, Cho S-H, the COREA Study Group. Differences between 

asthma in young and elderly: results from the COREA study. Respir Med. 2013;107(10):1509-

1514. 

37. Llanos JP, Ortega H, Germain G, Duh MS, Lafeuille M-H, Tiggelaar S, Bell CF, Hahn B. Health 

characteristics of patients with asthma, COPD and asthma-COPD overlap in the NHANES 

database. Int J Chron Obstruct Pulmon Dis. 2018;13:2859-2868.  

38. Burte E, Bousquet J, Siroux V, Just J, Jacquemin B, Nadif R. The sensitization pattern differs 

according to rhinitis and asthma multimorbidity in adults: the EGEA study. Clin Exp Allergy. 

2017;47(4):520-529. 



9 
 

39. Vedel-Krogh S, Fallgaard Nielsen S, Lange P, Vestbo J, Nordestgaard BG. Association of Blood 

Eosinophil and Blood Neutrophil Counts with Asthma Exacerbations in the Copenhagen 

General Population Study. Clin Chem. 2017;63(4):823-832. 

40. Nadif R, Siroux V, Boudier A, le Moual N, Just J, Gormand F, Pison C, Matran R, Pin I. Blood 

granulocyte patterns as predictors of asthma phenotypes in adults from the EGEA study. Eur 

Respir J. 2016;48(4):1040-1051. 

41. Tran TN, Khatry DB, Ke X, Ward CK, Gossage D. High blood eosinophil count is associated with 

more frequent asthma attacks in asthma patients. Ann Allergy Asthma Immunol. 

2014;113(1):19-24. 

42. Bouzigon E, Monier F, Boussaha M, Le Moual N, Huyvaert H, Matran R, Letort S, Bousquet J, 

Pin I, Lathrop M, Kauffmann F, Demenais F, Nadif R, on behalf of the EGEA Cooperative Group. 

Associations between nitric oxide synthase genes and exhaled NO-related phenotypes 

according to asthma status. PLoS One. 2012;7(5):e36672.  

43. Nadif R, Siroux V, Oryszczyn MP, Ravault C, Pison C, Pin I, Kauffmann F, the Epidemiological 

study on the Genetics and Environment of Asthma (EGEA). Heterogeneity of asthma according 

to blood inflammatory patterns. Thorax. 2009;64(5):374-380. 

44. Malinovschi A, Fonseca JA, Jacinto T, Alving K, Janson C. Exhaled nitric oxide levels and blood 

eosinophil counts independently associate with wheeze and asthma events in National Health 

and Nutrition Examination Survey subjects. J Allergy Clin Immunol. 2013;132(4):821-827.e1-5.  

45. Heffler E, Blasi F, Latorre M, Menzella F, Paggiaro P, Pelaia G, Senna G, Canonica GW. The 

Severe Asthma Network in Italy: Findings and Perspectives. J Allergy Clin Immunol Pract. 

2019;7(5):1462-1468.  

46. Haughney J, Morice A, Blyth KG, Lee AJ, Coutts A, McKnight E, Pavord I. A retrospective cohort 

study in severe asthma describing commonly measured biomarkers: Eosinophil count and IgE 

levels. Respir Med. 2018;134:117-123. 

47. Chalmers JD, Poole C, Webster S, Tebboth A, Scott Dickinson S, Gayle A. Assessing the 

healthcare resource use associated with inappropriate prescribing of inhaled corticosteroids 

for people with chronic obstructive pulmonary disease (COPD) in GOLD groups A or B: an 

observational study using the Clinical Practice Research Datalink (CPRD). Respir Res. 

2018;19(1):63. 

48. Greulich T, Mager S, Lucke T, Koczulla AR, Bals R, Fähndrich S, Jörres RA, Alter P, Kirsten A, 

Vogelmeier CF, Watz H. Longitudinal stability of blood eosinophil count strata in the COPD 

COSYCONET cohort. Int J Chron Obstruct Pulmon Dis. 2018;13:2999-3002. 



10 
 

49. Halper-Stromberg E, Yun JH, Parker MM, Tal-Singer R, Gaggar A, Silverman EK, Leach S, Bowler 

RP, Castaldi PJ. Systemic Markers of Adaptive and Innate Immunity Are Associated with 

Chronic Obstructive Pulmonary Disease Severity and Spirometric Disease Progression. Am J 

Respir Cell Mol Biol. 2018;58(4):500-509. 

50. Landis S, Suruki R, Maskell J, Bonar K, Hilton E, Compton C. Demographic and Clinical 

Characteristics of COPD Patients at Different Blood Eosinophil Levels in the UK Clinical Practice 

Research Datalink. COPD. 2018;15(2):177-184. 

51. Shin SH, Park HY, Kang D, Cho J, Kwon SO, Park JH, Lee JS, Oh Y-M, Sin DD, Kim WJ, Lee S-D, 

KOLD Study Group. Serial blood eosinophils and clinical outcome in patients with chronic 

obstructive pulmonary disease. Respir Res. 2018;19(1):134. 

52. Turato G, Semenzato U, Bazzan E, Biondini D, Tinè M, Torrecilla N, Fomer M, Marin JM, Cosio 

MG, Saetta M. Blood Eosinophilia Neither Reflects Tissue Eosinophils nor Worsens Clinical 

Outcomes in Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 

2018;197(9):1216-1219. 

53. Zeiger RS, Tran TN, Butler RK, Schatz M, Li Q, Khatry DB, Martin U, Kawatkar AA, Chen W. 

Relationship of Blood Eosinophil Count to Exacerbations in Chronic Obstructive Pulmonary 

Disease. J Allergy Clin Immunol Pract. 2018;6(3):944-954.e5.  

54. Acartürk Tunçay E, Karakurt Z, Aksoy E, Saltürk C, Gungor S, Ciftaslan N, Irmak İ, Yavuz D, Ocakli 

B, Adıgüzel N. Eosinophilic and non-eosinophilic COPD patients with chronic respiratory 

failure: neutrophil-to-lymphocyte ratio as an exacerbation marker. Int J Chron Obstruct 

Pulmon Dis. 2017;12:3361-3370. 

55. Casanova C, Celli BR, de-Torres JP Martínez-Gonzalez C, Cosio BG, Pinto-Plata V, de Lucas-

Ramos P, Divo M, Fuster A, Peces-Barba G, Calle-Rubio M, Solanes I, Aguero R, Feu-Collado N, 

Alfageme I, De Diego A, Romero A, Balcells E, Llunell A, Galdiz JB, Marin M, Moreno A, Cabrera 

C, Golpe R, Lacarcel C, Soriano JB, López-Campos JL, Juan J. Soler-Cataluña JJ, Marin JM. 

Prevalence of persistent blood eosinophilia: relation to outcomes in patients with COPD. Eur 

Respir J. 2017;50(5):1701162. 

56. Hastie AT, Martinez FJ, Curtis JL , Doerschuk CM, Hansel NN, Christenson S,  Putcha N, Ortega 

VE, Li X, Barr RG, Carretta EE, Couper DJ, Cooper CB, Hoffman EA, Kanner RE, Kleerup E, O’Neal 

WK, Paine R, Peters SP, Alexis NE, Woodruff PG, Han MK, Meyers DA, Bleecker ER, SPIROMICS. 

Association of sputum and blood eosinophil concentrations with clinical measures of COPD 

severity: an analysis of the SPIROMICS cohort. Lancet Respir Med. 2017;5(12):956-967. 



11 
 

57. Inoue H, Nagase T, Morita, Yoshida A, Jinnai T, Ichinose M. Prevalence and characteristics of 

asthma-COPD overlap syndrome identified by a stepwise approach. Int J Chron Obstruct 

Pulmon Dis. 2017;12:1803-1810. 

58. Kerkhof M, Sonnappa S, Postma DS, Brusselle G, Agusti A, Anzueto A, Jones R, Papi A, Pavord 

I, Pizzichini E, Popov T, Roche N, Ryan D, Thomas M, Vogelmeier C, Chisholm A, Freeman D, 

Bafadhel M, Hillyer EV, Price DB. Blood eosinophil count and exacerbation risk in patients with 

COPD. Eur Respir J. 2017;50(1):1700761. 

59. Kim SW, Rhee CK, Kim KU, Lee SH, Hwang HG, Kim YI, Kim DK, Lee SD, Oh YM, Yoon HK, KOLD 

Study Group. Factors associated with plasma IL-33 levels in patients with chronic obstructive 

pulmonary disease. Int J Chron Obstruct Pulmon Dis. 2017;12:395-402. 

60. Song JH, Lee C-H, Kim JW, Lee W-Y, Jung JY, Park JH, Jung KS, Yoo KH, Park YB, Kim DK. Clinical 

implications of blood eosinophil count in patients with non-asthma-COPD overlap syndrome 

COPD. Int J Chron Obstruct Pulmon Dis. 2017;12:2455-2464. 

61. DiSantostefano RL, Hinds D, Le HV, Barnes NC. Relationship between blood eosinophils and 

clinical characteristics in a cross-sectional study of a US population-based COPD cohort. Respir 

Med. 2016;112:88-96.  

62. Kobayashi S, Hanagama M, Yamanda S, Ishida M, Yanai M. Inflammatory biomarkers in 

asthma-COPD overlap syndrome. Int J Chron Obstruct Pulmon Dis. 2016;11:2117-2123. 

63. Suzuki M, Makita H, Konno S, Shimizu H, Kimura H, Kimura H, Nishimura M, the Hokkaido 

COPD Cohort Study Investigators. Asthma-like Features and Clinical Course of Chronic 

Obstructive Pulmonary Disease. An Analysis from the Hokkaido COPD Cohort Study. Am J 

Respir Crit Care Med. 2016;194(11):1358-1365. 

64. Vedel-Krogh S, Nielsen SF, Lange P, Vestbo J, Nordestgaard BG. Blood Eosinophils and 

Exacerbations in Chronic Obstructive Pulmonary Disease. The Copenhagen General 

Population Study. Am J Respir Crit Care Med. 2016;193(9):965-974. 

65. Ortega H, Llanos JP, Lafeuille MH, Germain G, Duh MS, Bell C, Sama S, Hahn B. Burden of 

disease associated with a COPD eosinophilic phenotype. Int J Chron Obstruct Pulmon Dis. 

2018;13:2425-2433. 

66. Oshagbemi OA, Burden AM, Braeken DCW, Henskens Y, Wouters EFM, Driessen JHM, 

Maitland-van der Zee AH, de Vries F, Franssen FME. Stability of Blood Eosinophils in Patients 

with Chronic Obstructive Pulmonary Disease and in Control Subjects, and the Impact of Sex, 

Age, Smoking, and Baseline Counts. Am J Respir Crit Care Med. 2017;195(10):1402-1404. 

67. Racine G, Castano R, Cartier A, Lemiere C. Diagnostic Accuracy of Inflammatory Markers for 

Diagnosing Occupational Asthma. J Allergy Clin Immunol Pract. 2017;5(5):1371-1377.e1. 



12 
 

68. Denlinger LC, Phillips BR, Ramratnam S, Ross K, R. Bhakta NR, Cardet JC, Castro M, Peters SP, 

Phipatanakul W, Aujla S, Bacharier LB, Bleecker ER, Comhair SAA, Coverstone A, DeBoer M, 

Serpil C. Erzurum SC, Sean B. Fain SB, Merritt Fajt M, Fitzpatrick AM, Gaffin J, Gaston B, Hastie 

AT, Hawkins GA, Holguin F, Irani A-M, Israel E, Levy BD, Ly N, Meyers DA, Moore WC, Myers 

R, D. Opina MT, Peters MC, Schiebler ML, Sorkness RL, Teague WG, Wenzel SE, Woodruff PG, 

Mauger DT, Fahy JV, Jarjour NN, the National Heart, Lung, and Blood Institute’s Severe Asthma 

Research Program-3 Investigators. Inflammatory and Comorbid Features of Patients with 

Severe Asthma and Frequent Exacerbations. Am J Respir Crit Care Med. 2017;195(3):302-313. 

69. Çolak Y, Afzal S, Nordestgaard BG, Lange P. Majority of never-smokers with airflow limitation 

do not have asthma: the Copenhagen General Population Study. Thorax. 2016;71(7):614-623.  

70. Demarche S, Schleich F, Henket M, Paulus V, Van Hees T, Louis R. Detailed analysis of sputum 

and systemic inflammation in asthma phenotypes: are paucigranulocytic asthmatics really 

non-inflammatory? BMC Pulm Med. 2016;16:46. 

71. Schleich FN, Manise M, Sele J, Henket M, Seidel L, Louis R. Distribution of sputum cellular 

phenotype in a large asthma cohort: predicting factors for eosinophilic vs neutrophilic 

inflammation. BMC Pulm Med. 2013;13:11. 

72. Shaw DE, Sousa AR, Fowler SJ, Fleming LJ, Roberts G, Corfield J, Pandis I, Bansal AT, Bel EH, 

Auffray C, Compton CH, Bisgaard H, Bucchioni E, Caruso M, Chanez P, Dahlén B, Dahlen S-E, 

Dyson K, Frey U, Geiser T, de Verdier MG, Gibeon D, Guo Y-K, Hashimoto S, Hedlin G, 

Jeyasingham E, Hekking P-PW, Higenbottam T, Horváth I, Knox AJ, Krug N, Erpenbeck VJ, 

Larsson LX, Lazarinis N, Matthews JG, Middelveld R, Montuschi P, Musial J, Myles D, Pahus L, 

Sandström T, Seibold W, Singer F, Strandberg K, Vestbo J, Vissing N, von Garnier C, Adcock IM, 

Wagers S, Rowe A, Howarth P, Wagener AH, Djukanovic R, Sterk PJ, Chung KF, the U-BIOPRED 

Study Group. Clinical and inflammatory characteristics of the European U-BIOPRED adult 

severe asthma cohort. Eur Respir J. 2015;46(5):1308-1321. 

73. Thomson NC, Chaudhuri R, Heaney LG, Bucknall C, Niven RM, Brightling CE, Menzies-Gow AN, 

Mansur AH, McSharry C. Clinical outcomes and inflammatory biomarkers in current smokers 

and exsmokers with severe asthma. J Allergy Clin Immunol. 2013;131(4):1008-1016. 

74. El Graoui O, Ellaabi S, Igala M, Elalloussi F-Z, Nourchafi N, Mifdal H, Serhier Z, Othmani MB, 

Mikou KA, Oukkache B. Hematology reference intervals in Moroccan population. Clin Lab. 

2014;60(3):407-411. 

Lee EJ, Kim M, Lee E, Jeon K, Lee J, Lee J-S, Kim H-S, Kang HJ, Lee YK. A comparison of 

complete blood count reference intervals in healthy elderly vs. younger Korean adults: a 

large population study. Clin Chem Lab Med. 2019;57(5):716-729. 



13 
 

Supplementary Table S1. Search strategy for PubMed to identify articles reporting 

blood EOS data for (a) disease populations, and (b) general populations 

a. Disease (asthma and COPD) populations 

Description Search string Results 

COPD (pulmonary disease, chronic obstructive[MeSH Terms]) OR ("chronic 
airflow obstruction"[Title/Abstract] OR emphysema[Title/Abstract] OR 
"chronic bronchitis"[Title/Abstract] OR "chronic obstructive pulmonary 
disease"[Title/Abstract] OR coad[Title/Abstract] OR copd[Title/Abstract] 
OR "chronic obstructive airway disease"[Title/Abstract]) 

92,728 

Asthma (asthma[MeSH Terms]) OR asthma[Title/Abstract] 163,679 

Total disease (COPD 
and asthma) 
population 

(((asthma[MeSH Terms]) OR asthma[Title/Abstract])) OR ((pulmonary 
disease, chronic obstructive[MeSH Terms]) OR ("chronic airflow 
obstruction"[Title/Abstract] OR emphysema[Title/Abstract] OR "chronic 
bronchitis"[Title/Abstract] OR "chronic obstructive pulmonary 
disease"[Title/Abstract] OR coad[Title/Abstract] OR copd[Title/Abstract] 
OR "chronic obstructive airway disease"[Title/Abstract])) 

242,856 

Eosinophil associated 
keywords 

(((Eosinophils[MeSH Terms]) OR eosinop*)) AND blood 41,517 

Total disease 
population AND 
Eosinophil associated 
keywords 

(((((asthma[MeSH Terms]) OR asthma[Title/Abstract])) OR ((pulmonary 
disease, chronic obstructive[MeSH Terms]) OR ("chronic airflow 
obstruction"[Title/Abstract] OR emphysema[Title/Abstract] OR "chronic 
bronchitis"[Title/Abstract] OR "chronic obstructive pulmonary 
disease"[Title/Abstract] OR coad[Title/Abstract] OR copd[Title/Abstract] 
OR "chronic obstructive airway disease"[Title/Abstract])))) AND 
((((Eosinophils[MeSH Terms]) OR eosinop*)) AND blood) 

10,605 

Time and Language 
filter 

(((((asthma[MeSH Terms]) OR asthma[Title/Abstract])) OR ((pulmonary 
disease, chronic obstructive[MeSH Terms]) OR ("chronic airflow 
obstruction"[Title/Abstract] OR emphysema[Title/Abstract] OR "chronic 
bronchitis"[Title/Abstract] OR "chronic obstructive pulmonary 
disease"[Title/Abstract] OR coad[Title/Abstract] OR copd[Title/Abstract] 
OR "chronic obstructive airway disease"[Title/Abstract])))) AND 
((((Eosinophils[MeSH Terms]) OR eosinop*)) AND blood) Filters: 
Publication date from 2008/01/01; English 

4,323 

b. General populations 

Description Search string Results 

Population ("general population") OR healthy volunteers[MeSH Terms] 102,108 

Eosinophil associated 
keywords 

(((Eosinophils[MeSH Terms]) OR eosinop*)) AND blood 41,517 

Population AND 
Eosinophil associated 
keywords 

((("general population") OR healthy volunteers[MeSH Terms])) AND 
((((Eosinophils[MeSH Terms]) OR eosinop*)) AND blood) 

103 

Time and Language 
filter 

((("general population") OR healthy volunteers[MeSH Terms])) AND 
((((Eosinophils[MeSH Terms]) OR eosinop*)) AND blood) Filters: 
Publication date from 2008/01/01; English 

62 
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Supplementary Table S2. Study details for included articles for which data for total 

populations were available, by population type 

Author (year) 
[reference], Study or 
cohort name* 

Country Inclusion criteria† 

ASTHMA (n=39 articles and n=40 populations) 
Amaral (2018) [1] 
NHANES 

USA Adults with current asthma, defined as a positive answer to: “Has a doctor ever told you 
that you have asthma?” and “Do you still have asthma?”, and either “wheezing/whistling 
in the chest in the past 12 months” or “asthma attack in the past 12 months.” 

Calciano (2018) [2] 
GEIRD 

Italy Asthma defined as ≥1 of the following: 1) physician-diagnosed asthma; and 2) asthma-like 
symptoms or anti-asthmatic treatment in the past 12 months, and having ≥1 of the 
following: a. PC20 ≤1 mg; b. pre-BD airflow obstruction (FEV1/FVC <70% or <LLN,) and a 
positive reversibility test; c. pre- but not post-BD airflow obstruction, and post-BD FEV1 
≥80% 

Çolak (2018) [3] 
CGPS 

Denmark Aged 20–100 years;  pre-BD FEV1/FVC ≥0.70 and self-reported asthma, or pre-BD 
FEV1/FVC <0.70 and post-BD FEV1/FVC ≥0.70, or pre- and post-BD FEV1/FVC <0.70 and  
FEV1 reversibility of >12% and >400 mL and <10  pack-years of smoking history 

Kerkhof (2018) [4] 
CPRD/OPCRD 

UK Aged ≥5 years at most recent asthma diagnosis; active asthma defined as a diagnostic 
Read code for asthma qualifying for inclusion in asthma registry; ≥1 blood EOS count after 
diagnosis and ≥2 years of continuous data 

Kumar (2017) [5] India Asthma diagnosed according to GINA criteria; enrolment from outpatient clinics 

Lima-Matos (2018) [6] Brazil Aged ≥18 years; mild to moderate asthma, most controlled without current ICS and a few 
using low-dose ICS with no other controller 

Llanos (2018) [7] 
NHANES 

USA Aged ≥12 years; ≥1 blood EOS count; asthma defined as ever being told by a physician 
they had/have asthma, or had an episode of asthma or asthma attack in past 12 months 

Mäkelä (2018) [8] Finland Adults with physician diagnosed asthma; data available in the Auria Biobank Research 
Database; ≥1 blood EOS count 

Papi (2018) [9] UK Aged ≥18 years with moderate to severe asthma with ≥1 year of continuous data and 
prior diagnosis of asthma; GINA step 3 or 4; ≥2 ICS prescriptions during baseline year; 
blood EOS 

Semprini (2018) [10] New 
Zealand 

Adults with asthma from the New Zealand Respiratory Health Survey phase two and 
longitudinal study of serum periostin levels 

Seo (2018) [11] Korea Asthma diagnosed using the GINA 2008; one or more of: >20% variability in PEF over 14 
days, >12% and >200 mL increase in FEV1 after 200-400 μg albuterol, or 20% reduction in 
FEV1 after <10 mg/mL methacholine 

Teague (2018) [12] 
SARP III 

USA Aged ≥6 years with physician diagnosis of asthma that was non-severe according to a 
modification of ERS/ATS consensus definition; treated with high-dose ICS for ≥6 of prior 
12 months and the 3 months before enrolment); BD reversibility ≥12%, or airway 
hyperresponsiveness  

Akiki (2017) [13] 
EGEA II 

France Self-reported positive responses to four questions from the standardized BMRC, European 
Coal and Steel Community, ATS and ECRHS questionnaires; data for serum cytokines 

Blakey (2017) [14] UK Aged 12–80 years; active asthma defined as ≥2 prescriptions for asthma drugs during 
study year 1, and no Read code for resolved asthma during 3-year study; ≥3 years of 
continuous data 

Burte (2017) [15] 
EGEA 

France Asthma status based on a positive answer to either ‘Have you ever had attacks of 
breathlessness at rest with wheezing?’ or ‘Have you ever had asthma attacks?’, or as 
originally being recruited to EGEA as an asthma case; data on asthma, rhinitis, skin-prick 
test, total IgE, and blood EOS 

Casciano (2017) [16] USA Aged ≥12 years with asthma diagnosis  

Kimura (2017) [17] Japan Asthma subjects for at least one year by a respiratory physician 

Pretolani (2017) [18] 
COBRA 

France Mild-moderate-severe asthma, aged 18–85 years 

Vedel-Krogh (2017) [19] 
CGPS 

Denmark A positive answer to the question: “Do you have asthma?” 

Zeiger (2017) [20] USA Aged 18–64 years; persistent asthma required one of the following: asthma 
hospitalization, asthma ED visit, ≥4 asthma outpatient visits and ≥2 asthma drugs 
dispensed, or ≥4 asthma drugs dispensed; continuous health plan enrolment and 
pharmacy benefit 

Casciano (2016) [21] USA Aged ≥12 years with asthma diagnosed as ICD-9-CM code 493.xx, who had ≥2 encounters 
in the ED, outpatient or inpatient setting  

de Groot (2016) [22] Netherlands Aged ≥18 years; diagnosis confirmed by reversible airway obstruction or by airway 
hyperresponsiveness; treatment with medium–high-dose ICS; no asthma exacerbations or 
RTI in prior 4 weeks; smokers and ex-smokers could participate if they had asthma 
symptoms, and a normal diffusion capacity of CO (≥80% predicted) 
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Nadif (2016) [23] France Aged ≥16 years with data for blood EOS and neutrophils; positive responses to four 
questions from the standardised BMRC, European Coal and Steel Community, ATS and 
ECRHS questionnaires 

Pola-Bibian (2016) [24] Spain Aged >14 years who attended the ED with an ICD-9-CM code for asthma 

Price (2016) [25] UK  Aged 12–80 years treated in UK clinical practice; ≥1 valid blood EOS count, 1 full year of 
data on each side of the index blood EOS count 

Price (2015) [26] USA Aged 12–80 years with an asthma diagnostic Read code, a recorded blood EOS count, and 
1 year of continuous records both before and after their most recent blood EOS count 

Tuomisto (2016) [27] 
SAAS 

Finland New-onset asthma diagnosed at adult age, made by a respiratory specialist confirmed by 
≥1 objective lung function measurements; had symptoms of asthma; aged ≥15 years 

Westerhof (2015) [28] Netherlands Confirmed adult-onset asthma based on international guidelines; included in three clinical 
trials 

Agarwal (2014) [29] India Aged ≥15 years with bronchial asthma; two of the following: history of recurrent attacks 
of cough or SoB or chest tightness, wheeze on chest auscultation, and spirometric 
obstruction (FEV1/FVC < LLN) with the presence of BD reversibility 

Lee (2014) [30] Korea Asthma defined by the ATS criteria; current symptoms, including wheezing, dyspnoea, and 
cough; airway reversibility and/or airway hyperresponsiveness  

Schleich (2014) [31] 
Retrospective/prospective  

Belgium Retrospective cohort: aged ≥18 years with asthma diagnosed based on presence of cough, 
SoB or dyspnoea, plus demonstration of airflow variability; successful sputum induction; 
Prospective cohort: newly recruited asthma patients matched to the retrospective cohort 

Tran (2014) [32] 
NHANES 

USA Providing an affirmative response to these questions: “Has a physician or other health 
professional ever told you that you have asthma?” and “Do you still have asthma?”; 
complete blood cell count data, including absolute counts of EOS and neutrophils  

Ali (2013) [33] Denmark Adults; history consistent with asthma, with attacks of SoB and/or wheezing, chest 
tightness and dry cough either spontaneously or triggered by exercise, allergens, RTI, or 
irritants; reversibility in FEV1 >15% (and ≥150 mL); diurnal variability in PEF rate >20% (and 
≥100 L/min) 

Amelink (2013) [34] Netherlands Aged 20–75 years with adult-onset asthma defined according to GINA criteria; stable on 
asthma medication (no exacerbations or changes in asthma medication in past 4 weeks) 

Hastie (2013) [35]  
SARP 

USA Mild or moderate asthma 

Park (2013) [36] 
COREA 

Korea Asthmatics diagnosed according to GINA criteria; elderly asthma defined as being aged 

≥65 years, non-elderly asthma defined as being aged ≥14–<65 years [37] 

Bouzigon (2012) [38] 
EGEA 

France ‘Current asthma’ defined as respiratory symptoms in the past 12 months (wheeze, 
nocturnal chest tightness, SoB following strenuous activity, at rest or at night, and asthma 
attacks) or use of inhaled and/or oral medicines due to breathing problems 

Matsunaga (2012) [39] Japan Aged ≥20 years; stable asthma with ICS with/without inhaled LABA, LTRA, or theophylline; 
poorly controlled asthma, one of: ACT <20, FEV1 <80% predicted, or PEF <80% variability 

Nadif (2009) [40] 
French EGEA 

France Defined as a positive answer to four standardised questions: ‘‘Have you ever had attacks 
of breathlessness at rest with wheezing?’’, ‘‘Have you ever had asthma attacks?’’, ‘‘Was 
this diagnosis confirmed by a doctor?’’, ‘‘Have you had an asthma attack in the last 12 
months?” 

SEVERE ASTHMA (n=12 articles and n=12 populations) 

Haughney (2018) [41] UK Aged ≥18 years with severe asthma defined as an ever-recorded Read code/ICD code for 
asthma, plus ≥1 prescription for any of: SABA, ICS, ICS/LABA; ≥1 serum IgE 

Heffler (2019) [42] 
SANI 

Italy Aged >12 years with severe asthma diagnosed according to the ERS/ATS criteria; clinically 
uncontrolled (altered ACT and/or ACQ), or experiencing ≥2 acute asthma exacerbations 
per year (or ≥1 severe exacerbation requiring ED admission, or hospitalization or 
intubation), or FEV1 <80% predicted, despite high dose ICS plus another controller or OCS 
for ≥6 months in the prior year 

Husereau (2018) [43] Canada Aged ≥12 years with severe asthma as per prescriptions for high-dosage ICS plus either a 
LTRA, LABA, or theophylline filled on the same day; ≥2 asthma diagnoses identified by 
OHIP diagnosis code 493 

Lima-Matos (2018) [6] Brazil Aged ≥18 years with untreated severe asthma according to a classification proposed to 
WHO; two additional inclusion criteria: ≥6 months of follow-up in ProAR reference clinic 
and not possible to taper down ICS dose to < medium dose of BUD or equivalent in 
combination with LABA during the follow-up 

Maio (2018) [44] 
RItA  

Italy Severe/uncontrolled asthma according to the WHO Consultation on Severe Asthma  

Teague (2018) [12] 
SARP III 

USA Aged ≥6 years; severe asthma defined according to a modification of ERS/ATS consensus 
definition, with those treated with high-dose ICS for ≥6 of prior 12 months and the 3 
months before enrolment were assigned as severe; BD reversibility ≥12%, or airway 
hyperresponsiveness  

Chipps (2018) [45] 
TENOR II 

USA Aged ≥6 years with severe or difficult-to-treat asthma from TENOR I study; treated for ≥1 
year with either high health care use (>2 unscheduled asthma care visits or >2 OCS bursts) 
or high medication use (requiring >3 asthma controller medications, long-term daily high 
ICS, or use of >5 mg/d oral prednisone) in prior 12 months 

Pretolani (2017) [18] 
COBRA 

France Aged 18–85 years with severe asthma (GINA steps 4 and 5) 



16 
 

Zeiger (2017) [46] USA Aged ≥12 years with persistent asthma (defined by HEDIS criteria) and met criteria for 
severe untreated asthma (2 asthma exacerbations, 6 medium or high-dose ICS canisters as 
monotherapy or in combination with LABA, and 3 non-ICS controller canisters); 
continuous health plan enrolment and pharmacy benefit (no enrolment gap of >45 days 
within a calendar year) 

Chaudhuri (2016) [47] UK Aged ≥18 years with severe refractory asthma, defined based on the ERS/ATS guidelines, 
from the BTS Severe Asthma Registry 

Newby (2014) [48]  
BTS Severe refractory 
Asthma  

UK Centres contributing to BTS Severe Asthma Registry; Severe refractory asthma defined by 
OCS >50% of the time or high-dose ICS (plus add on medications) 

Schleich (2014) [49] 
BSAR 

Belgium Age ≥18 years with severe asthma defined according to ATS criteria (requires one major 
criterion, either treatment with continuous or near continuous OCS or a combination of 
high dose ICS and LABA; asthma follow-up for ≥12 months 

COPD (n=23 articles and n=24 populations) 
Chalmers (2018) [50] UK Aged ≥40 years; new diagnosis of COPD (any Read code for COPD, confirmed by 

spirometry [FEV1/FVC <0.7]) and classified as GOLD A/B; prescription of maintenance BD 
≤3 months of diagnosis; ≥1 full year of data 

Çolak (2018) [3] 
CGPS 

Denmark Aged 20–100 years; COPD: pre- and post-BD FEV1/FVC <0.70 and no self-reported asthma 
or FEV1 reversibility 

Greulich (2018) [51] 
COSYCONET 

Germany COPD and a differential blood cell count; assessments at each clinic visit in the 
COSYCONET study include clinical history, spirometry and blood samples [52] 

Halper-Stromberg (2018) 
[53] 
COPDGene/ECLIPSE 

USA; UK COPDGene: aged 45–80 years with COPD as per GOLD classification and ≥10-pack-year 
smoking history; ECLIPSE: aged 40–75 years with COPD (FEV1 <80% and FEV1/FVC ≤0.7) 
and ≥10-pack-year smoking history 

Landis (2018) [54] 
CPRD 

UK Aged ≥40 years with spirometry confirmed (FEV1/FVC <0.7) diagnosis for COPD; ≥12 
months history before the index date; ≥1 blood EOS count during the stable disease state 
within 6 months of the index date 

Llanos (2018) [7] 
NHANES 

USA ≥12 years with COPD (spirometry as per GOLD 2016, FEV1/FVC <0.70 after inhaling BD 
medication, had chronic bronchitis or had emphysema); ≥1 blood EOS count available 

Ortega (2018) [55] USA Aged ≥40 years; ≥1 COPD-related code in prior year; ≥1 prescription for inhaled 
maintenance therapy and continuous clinical activity during year of interest 

Shin (2018) [56] 
KOLD 

Korea Aged ≥40 years with COPD, defined as post-BD FEV1/FVC <0.7 and smoking history of >10 
pack-years; baseline and serial EOS counts 

Turato (2018) [57] Spain Smokers >40 years with COPD followed for ≥ 5 years 

Zeiger (2018) [58] USA Aged ≥40 years with HEDIS-defined COPD , with post-BD FEV1/FVC <0.7; blood EOS count; 
continuous KPSC health plan enrolment and pharmacy coverage for the 1-year baseline 
period before index date 

Acartürk Tunçay (2017) 
[59] 

Turkey COPD diagnosed by a pulmonologist; airflow obstruction on spirometry (FEV1 ≤70% 
predicted, FEV1/FVC ≤70%) and a compatible history for COPD; admitted to ICU outpatient 
clinic due to CRF); complete blood count 

Casanova (2017) [60] 
CHAIN and BODE cohorts 

USA; Spain COPD defined by a smoking history ≥10 pack-years and post-BD FEV1/FVC <0.7; CHAIN: 
stable for ≥6 weeks and receiving optimal medical therapy; BODE: clinically stable and 
receiving therapy according to international guidelines  

Hastie (2017) [61] 
SPIROMICS 

USA Aged 40–80 years; COPD defined as a post-BD FEV1/FVC <0.7; current or former history of 
tobacco use (>20 pack-year) and non-smokers 

Inoue (2017) [62] Japan Aged ≥40 years; stable COPD diagnosed according to GOLD criteria; FEV1/FVC <0.7; 
current or ex-smoker, history of ≥10 pack-years; ≥1 year medical records with spirometry; 
airway reversibility or spirometry data on 2 occasions in past 3 years 

Kerkhof (2017) [63] UK Aged ≥40 years; COPD defined as FEV1/FVC <0.70 recorded within 5 years of index date; 
≥1 blood EOS count measured at stable disease (no COPD exacerbation in 
prior/subsequent 4 weeks); history of cigarette smoking and ≥1 year of data before and 
after index date 

Kim (2017) [64] 
KOLD 

Korea Aged >40 years with stable COPD diagnosed according to ATS and GOLD criteria; smoked 
>10 pack-years; post-BD FEV1/FVC <0.7; no abnormalities on chest radiograph  

Song (2017) [65] 
KOCOSS 

Korea Aged >40 years; COPD defined as post-BD FEV1/FVC <0.7; smoked >10 years; non-ACOS 
COPD after excluding ACOS patients according to Spanish criteria 

Oshagbemi (2017) [66] UK Aged ≥40 years; COPD recorded by a read code; ≥2 blood EOS counts on different dates 

Kobayashi (2016) [67] Japan Aged 40–90 years with stable COPD diagnosed according to GOLD criteria; no asthma 
symptoms; former smokers with a history of ≥10 pack-years 

DiSantostefano (2016) 
[68] 
NHANES (2007-2010) 

USA Aged ≥40 years with COPD; categorised by GOLD 2006 as FEV1/FVC <0.7 and FEV1 ≥80%; 
non-missing EOS counts; EOS % as a function of total white blood cells 

Suzuki (2016) [69] 
Hokkaido COPD Study 

Japan Aged ≥40 years with respiratory specialist-diagnosed COPD; data on BD reversibility, blood 
EOS count, and specific IgE; current/former smokers with smoking history of ≥10 pack-
years 

Vedel-Krogh (2016) [70] 
CGPS 

Denmark FEV1/FVC <LLN; FEV1/FVC <70%; no self-reported asthma 
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Zeiger (2016) [71]  
HEDIS 

USA HEDIS-defined 2-year asthma-COPD; continuous health plan enrolment and pharmacy 
benefit  

CONTROLS [non-asthma, non-COPD] (n=7 articles and n=7 populations) 
 
 

Landis (2018) [54] 
CPRD‡ 

UK Matched 1:1 on sex, smoking, and age (to COPD patients); no code for COPD diagnosis 
recorded; 12-month history in the CPRD and 1 blood EOS count ≤6 months of index date 

Burte (2017) [15] 
EGEA2§ 

France Data on SPT, total IgE, and blood EOS; subjects without asthma or rhinitis  

Oshagbemi (2017) [66]‡  UK Matched to COPD patients by sex, year of birth, and medical practice; ≥2 blood EOS 
counts on different dates 

Racine (2017) [72]§‖ Canada No airflow limitation and PC20 >16 mg/mL  

Vedel-Krogh (2017) [19] 
CGPS§ 

Denmark Aged 20–100 years were randomly selected from the general population for the CGPS 

DiSantostefano (2016) 
[68] 
NHANES (2007-2010)‡ 

USA Aged 40–79 years with ‘normal’ lung function, defined as no restriction, and no self-
reported current asthma, chronic bronchitis, emphysema, and/or bringing up phlegm on 
most days in the prior 3 months; recorded EOS counts 

Bouzigon (2012) [38] 
EGEA§ 

France Population-based controls 

GENERAL POPULATION (n=14 articles and n=14 populations) 

Bakrim (2018) [73] Morocco Women aged 18–50 years and men aged 18–55 years from the Tangier-Tetouan region 

Dauchet (2018) [74] 
ELISABET (2011-2013) 

France Aged 40–65 years; residence in the same city or its surrounding urban area (either Lille or 
Dunkirk) for ≥5 years 

Nerpin (2018) [75] 
NHANES 2007–2010 

USA Aged 20–80 years who underwent spirometry testing, laboratory studies and responded 
to questions about respiratory symptoms and smoking habits 

Omuse (2018) [76] Kenya Black African urban population aged 18–65 years who had undergone an overnight fast 

Wongkrajang (2018) [77] Thailand Male or non-pregnant and non-breastfeeding females aged 18–60 years 

Ozarda (2017) [78] Turkey Aged 18–79 years; health participants ideally not on any medications except 
contraceptive pills or oestrogens and thyroxine [79] 

Giovannelli (2016) [80] 
ELISABET 

France Aged 40–64 years; resident in Dunkirk or the Dunkirk urban area for ≥5 years 

Izuhara (2016) [81] 
Nagahama Study 

Japan Citizens in Nagahama City in Japan; no current serious diseases, were able to live 
independently 

Vedel-Krogh (2016) [70] 
CGPS 

Denmark Aged 20–100 years; randomly selected from the general population on the basis of the 
national Danish Civil Registration System; full spirometry and blood EOS data 

Troussard (2014) [82] France Aged 16–69 years and had a periodic health assessment at the Inter-Regional Health 
Institute 

Ko (2013) [83] Hong Kong, 
China 

Aged 18–90 years; not current smokers; previous smokers must have stopped smoking for 
≥1 year with a smoking history of <10 pack-years 

Malinovschi (2013) [84] 
NHANES 2007–2010 

USA Aged 6–80 years with data on exhaled NO measurements and blood differential counts 

Musk (2011) [85] Australia Adults from the electoral register of Busselton, Australia 

Karita (2009) [86] African 
countries 

Aged 18–60 years; HIV-negative test 

 

ABPA, allergic bronchopulmonary aspergillosis; ACOS, asthma-COPD overlap syndrome; ACT, asthma control test; ACQ, Asthma control 

questionnaire; ATS, American Thoracic Society; BD, bronchodilator; BMI, body mass index; BMRC, British Medical Research Council; BODE, 

body mass index, degree of airflow obstruction, functional dyspnoea and exercise capacity index; BSAR, Belgian Severe Asthma Registry; 

BTS, British Thoracic Society; BUD, budesonide; CGPS, Copenhagen General Population Study; C-RIDL; Committee on Reference Intervals 

and Decision Limits; CHAIN, COPD History Assessment In SpaiN; CO, carbon monoxide; COBRA, COhort of BRonchial obstruction and 

Asthma; COPD, chronic obstructive pulmonary disease; COREA, Cohort for Reality and Evolution of Adult Asthma in Korea; COSYCONET, 

COPD and SYstemic consequences-COmorbidities NETwork; CPRD, Clinical Practice Research Datalink; CRF, chronic respiratory failure; 

ECLIPSE, Evaluation of COPD Longitudinally to Identify Predictive Surrogate End-points; ECRHS, European Community Respiratory Health 

Survey; ED, emergency department; EGEA, Epidemiological study on the Genetics and Environment of Asthma; ELISA, enzyme-linked 

immunosorbent assay; ELISABET, Enquête Littoral Souffle Air Biologie Environnement survey; EOS, eosinophil; ERS, European Respiratory 

Society; FeNO, fractional concentration of exhaled nitric oxide; FEV1, forced expiratory volume in one second; FP, fluticasone propionate; 

FVC, forced vital capacity; GEIRD, Gene Environment Interactions in Respiratory Diseases; GINA, Global Initiative for Asthma; HEDIS, 

Healthcare Effectiveness Data and Information Set; ICD-9, International Classification of Diseases version 9; ICD-10, International 

Classification of Diseases version 10; ICS, inhaled corticosteroid; ICU, intensive care unit; IFCC, International Federation of Clinical 

Chemistry; IgE, immunoglobulin E; KOCOSS, Korean COPD Subtype Study; KOLD, Korean Obstructive Lung Disease; LABA, long-acting β2-

agonist; LAMA, long-acting muscarinic antagonist; LLN, lower limit of normal; LTOT, long-term oxygen therapy; LTRA, leukotriene receptor 

antagonist; MIDAS, Minimally-Invasive Diagnostic procedures in allergy, Asthma, or food hypersensitivity Study; Nagahama, Nagahama 

Prospective Genome Cohort for Comprehensive Human Bioscience; NHANES, National Health and Nutrition Examination Surveys; NIMV, 

non-invasive mechanical ventilation; NO, nitric oxide; NZRHS, New Zealand Respiratory Health Survey; OCS, oral corticosteroid; OPCRD, 

Optimum Patient Care Research Database; PC20, provocation concentration producing a 20% fall in FEV1; PEF, peak expiratory flow; PFT, 

pulmonary function test; PREDUNA, Predictors of Uncontrolled Asthma; RItA (acronym from the Italian words standing for Italian Registry 
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of SUA); RTI, respiratory tract infection; SAAS, Seinäjoki Adult Asthma Study; SABA, short-acting β2-agonist; SANI, Severe Asthma Network 

in Italy; SARP, Severe Asthma Research Program; SIC, specific inhalation challenge; SoB, shortness of breath; SPIROMICS, Subpopulations 

and Intermediate Outcome Measures in COPD Study; TENOR, The Epidemiology and Natural History of Asthma: Outcomes and Treatment 

Regimens; UK, United Kingdom; USA, United States of America 

*Entries in italics indicate publications for which data for the total population were calculated from the available published sub-group data 

†Criteria listed are not exhaustive of all criteria described in each study/publication. Further details are available in the respective 

publications 

‡Control population reported in the respective published study of COPD 

§Control population reported in the respective published study of asthma 

‖Data for the respective asthma population were only available for subgroups that couldn’t be combined, reported in Supplementary 

Results B 
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Supplementary Table S3. Blood EOS counts (means/medians) for total populations from included articles, by population type 
Author (year) [reference], study or 
cohort name* 

Country; Sample 
size 

EOS count (cells/µL)† Author (year) [reference], study or 
cohort name* 

Country; Sample 
size 

EOS count (cells/µL)† 

Median 
(25th–75th 
%ile) 

Arithmetic  
mean (± SD) 

Median 
(25th–75th 
%ile) 

Arithmetic mean (± 
SD) 

ASTHMA (n=34 articles and n=35 populations) 

Calciano (2018) [1] GEIRD Italy; N=287 165.2 (99.5–
261.0) 

- Nadif (2016) [19] France; N=716 - 257.7 ± 194.9 

Çolak (2018) [2] CGPS Denmark; N=449 160 (110–270) - Price (2016) [20] UK ; N=130,547 200 (120–350) - 

Kerkhof (2018) [3] CPRD/OPCRD UK; N=363,558 200 (110–350) - Tuomisto (2016) [21] SAAS Finland; N=203 280 (150–420) - 

Kumar (2017) [4] India; N=463 - 507.9 ± 283.8 Price (2015) [22] USA; N=130,248 200 (120–340) - 

Lima-Matos (2018) [5] Brazil; N=452 235 (131–399) - Westerhof (2015) [23] Netherlands; N=336 200 (100–300) - 

Llanos (2018) [6] NHANES USA; N=1,609 - 233 ± 7 Agarwal (2014) [24] India; N=296 298 (174.5–500) - 

Mäkelä (2018) [7] Finland; N=4,357 270 (50–1,040)a - Lee (2014) [25] Korea; N=533 - 417.3 ± 304.5 

Papi (2018) [8] UK; N=7,195 200 (120–320) - Schleich (2014) [26] Retrospective Belgium; N=508 230 (0–3,220)§ - 

Semprini (2018) [9] New Zealand; N=212 - 250 ± 190 Schleich (2014) [26] Prospective** Belgium; N=250 188 (0–1,133)§ - 

Seo (2018) [10] Korea; N=323  475.9 ± 40.9 Tran (2014) [27] NHANES USA; N=1,721 157 (75–267) 248 ± 6‡ 

Teague (2018) [11] SARP III USA; N=213 189 (111–320) - Ali (2013) [28] Denmark; N=1,075 - 441.8 ± 354.1 

Akiki (2017) [12] EGEA II France; N=283 - 215 (140, 320)‖ Amelink (2013) [29] Netherlands; N=200 200 (100–340) - 

Burte (2017) [13] EGEA France; N=501 - 245.0 ± 186.7 Hastie (2013) [30] SARP USA; N=257 - 254.4 ± 195.0 

Kimura (2017) [14] Japan; N=206 - 215 (0.44)†† Park (2013) [31] COREA Korea; N=2,067 - 292.0 ± 322.7 

Pretolani (2017) [15] COBRA France; N=1,080 230 (120–440) - Bouzigon (2012) [32] EGEA France; N=494 200 (140–320) - 

Vedel-Krogh (2017) [16] CGPS Denmark; N=4,838 220 (140–340) - Matsunaga (2012) [33] Japan; N=229 - 251 ± 209 

Zeiger (2017) [17] USA; N=9,546 - 263 ± 280 Nadif (2009) [34] French EGEA 
 

France; N=381 
 

- 
 

275 ± 200 
 de Groot (2016) [18] Netherlands; N=491 200 (100–300) - 

SEVERE ASTHMA (n=11 articles and n=11 populations) 

Haughney (2018) [35] UK; N=884 400 (200–700)c - Chaudhuri (2016) [39] UK; N=1,042 280 (110–540) - 

Heffler (2019) [36] SANI Italy; N=437 - 536.7 ± 650.9 Chipps (2018) [40] TENOR II USA; N=341 200 (200)‡‡ 200 ± 144 

Husereau (2018) [37] Canada; N=212 - 303 ± 266b Zeiger (2017) [41] USA; N=261 - 364 ± 416 

Lima-Matos (2018) [5] Brazil; N=544 248 (141–384) - Newby (2014) [42] BTS Severe refractory 
Asthma  

UK; N=349 300 (490)‡‡ - 

Maio (2018) RItA [38] Italy; N=493 300.0 (170.0–
495.0) 

- Schleich (2014) [43] BSAR Belgium; N=350 240 (0–3,144)§ - 

Teague (2018) [11] SARP III USA; N=313 228 (134–399) - 

COPD (n=17 articles and n=18 populations) 

Çolak (2018) [2] CGPS Denmark; N=404 180 (120–260) - Acartürk Tunçay (2017) [50] Turkey; N=1,066 150 (90–230) - 

Halper-Stromberg (2018) [44] COPDGene USA; N=4,558 - 200 ± 100‡ Inoue (2017) [51] Japan; N=1,008 - 239.1 ± 234.6 

Halper-Stromberg (2018) [44] ECLIPSE** UK; N=1,741  200 ± 100‡ Kim (2017) [52] KOLD Korea; N=307 183.5 (111.5–
316.5) 

- 

Landis (2018) [45] CPRD UK; N=27,557 - 196.6 (195.1, 
198.3)‖ 

Oshagbemi (2017) [53] UK; N=39,824 - 230 ± 260 
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Llanos (2018) [6] NHANES USA; N=479 - 221 ± 10 Song (2017) [54] KOCOSS Korea; N=467 166.5 (89.6–
272.8) 

- 

Ortega (2018) [46] USA; N=11,329  297.6 ± 264.4 Kobayashi (2016) [55] Japan; N=220 - 212 ± 223 

Shin (2018) [47] KOLD Korea; N=299 - 288.6 ± 344.6 Suzuki (2016) [56] Hokkaido COPD Study Japan; N=268 169 (94–261) - 

Turato (2018) [48] Spain; N=294 - 189.9 Vedel-Krogh (2016) [57] CGPS Denmark; N=7,225 180 (120–270) - 

Zeiger (2018) [49] USA; N=7,245 - 194 ± 231d Zeiger (2016) [58] USA; N=901 - 259 ± 257 

CONTROLS (non-asthma, non-COPD) (n=6 articles and n=6 populations) 

Landis (2018) [45] CPRD§§ UK; N=27,577 - 182.1 (180.7, 
183.5)‖ 

Racine (2017) [59]‖‖e Canada; N=237 100 (200)‡‡ - 

Burte (2017) [13] EGEA2‖‖ France; N=362 - 149 ± 106 Vedel-Krogh (2017) [16] CGPS‖‖ Denmark; N=76,440 160 (110–240) - 

Oshagbemi (2017) [53]§§ UK; N=90,772 - 210 ± 350 Bouzigon (2012) [32] EGEA‖‖ France; N=783 130 (100–200) - 

GENERAL POPULATION (n=13 articles and n=13 populations) 

Bakrim (2018) [60] Morocco; N=14,965 - 124.7 ± 170.1 Izuhara (2016) [67] Nagahama Study Japan; N=9,804 - 155 ± 128 

Dauchet (2018) [61] ELISABET (2011–2013) France; N=1,506 139 (115)‡‡ - Vedel-Krogh (2016) [57] CGPS Denmark; N=81,668 170 (110–250) - 

Omuse (2018) [62] Kenya; N=528 130 - Troussard (2014) [68] France; N=32,919 - 200.6 ± 147.4 

Wongkrajang (2018) [63] Thailand; N=240 - 200.0 ± 157.9 Ko (2013) [69] Hong Kong, China; 
N=1,093 

100 (1,300)‡‡ 188 ± 196 

Nerpin (2018) [64] NHANES  USA; N=7,753 - 200 ± 170 Malinovschi (2013) [70] NHANES  USA; N=12,408 200 (0–8,400) - 

Ozarda (2017) [65] Turkey; N=3,363 140 - Musk (2011) [71] Australia; N=1,969 - 210 

Giovannelli (2016) [66] ELISABET France; N=1,579 - 163 (158, 168)‖ 

 

*Entries in italics indicate publications for which data for the total population were calculated from the available published sub-group data (no data for the total population were originally reported) 

†Unless otherwise indicated (footnotes a–d), data are baseline EOS counts 

‡Arithmetic mean ± SE 

§Median (range) 

‖Geometric mean (95% CI) 

**Data reported for the second entry are from the same publication but a different patient cohort (as indicated) 

††Geometric mean (log10 SD) 

‡‡Median (IQR) 

§§Control population reported in the respective published study of COPD 

‖‖Control population reported in the respective published study of asthma 
aDuring the observation period (Jan 2003-Aug 2013; bObserved care patterns in the year prior to ICS/LABA and/or OCS; cMaximum count in two years prior to index date; dIndex date (first EOS count up to 1 year 

after COPD diagnosis date); eData for the respective asthma population were only available for subgroups that couldn’t be combined, reported in Supplementary Results B 

Abbreviations: %ile, percentile; BSAR, Belgian Severe Asthma Registry; BTS, British Thoracic Society; CGPS, Copenhagen General Population Study; CI, confidence interval; COBRA, COhort of BRonchial obstruction and 

Asthma; COPD, chronic obstructive pulmonary disease; COREA, Cohort for Reality and Evolution of Adult Asthma in Korea; CPRD, Clinical Practice Research Datalink; ECLIPSE, Evaluation of COPD Longitudinally to 

Identify Predictive Surrogate End-points; EGEA, Epidemiological study on the Genetics and Environment of Asthma; ELISABET, Enquête Littoral Souffle Air Biologie Environnement survey; EOS, eosinophil; GEIRD, 

Gene Environment Interactions in Respiratory Diseases; ICS, inhaled corticosteroid; IQR, interquartile range; KOCOSS, Korean COPD Subtype Study; KOLD, Korean Obstructive Lung Disease; LABA, long-acting β2-

agonist; Nagahama, Nagahama Prospective Genome Cohort for Comprehensive Human Bioscience; NHANES, National Health and Nutrition Examination Surveys; OPCRD, Optimum Patient Care Research Database; 

RItA (acronym from the Italian words standing for Italian Registry of SUA); SAAS, Seinäjoki Adult Asthma Study; SANI, Severe Asthma Network in Italy; SARP, Severe Asthma Research Program; SD, standard deviation; 

SE, standard error; TENOR, The Epidemiology and Natural History of Asthma: Outcomes and Treatment Regimens; UK, United Kingdom; USA, United States of America
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