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Editorial

Racial  Disparities  in  Pulmonary  Fibrosis  and  the  Impact  on  the  Black
Population

The great American poet Maya Angelou once said, “In diver-

sity, there is beauty, and there is strength. Diversity makes for a rich

tapestry, and all the threads of that tapestry are equal in value no

matter their color.”

As the racial and ethnic diversity of the world’s societies

increase, characterizing individual groups based on skin color has

become even more complicated and frequently misguided. Repeat-

edly, this approach carries far-reaching unfortunate ramifications

on health outcomes and life expectancy, especially in Black individ-

uals. The complex sociobiological construct that constitutes race

reflects an individual’s perception of themselves, their cultural

background, sociopolitical environment, familial roots, and genetic

makeup. However, this perception is often divergent from the indi-

vidual’s true genetic ancestry, a more precise biological entity. The

systematic evaluation for disease risk at the point of care often

relies on assessing patients for predefined categories to improve

efficiency in the diagnostic and treatment process. In these cases,

conflating race with biological risk can lead to biased assumptions

with detrimental effects on Black populations. In many cases, Black

populations’ increased risk for disease and poorer health outcomes

is due to social risk factors both within the health care  system and

in the larger society. Black populations are still impacted by dis-

criminatory policies and practices that have led to stark social and

economic disparities that also lead to  racial disparities in health.

These stark differences are portrayed in  the diagnostic modali-

ties for pulmonary fibrosis in  Black patients and the subsequent

management of their disease (Fig.  1).

Pulmonary fibrosis diagnosis hinges on accurate recognition of

hypoxia from pulmonary gas exchange abnormalities, lung volume

restriction measured on spirometry, and radiologic indices of lung

fibrosis identified on high-resolution chest computed tomography

(CT) scans.1 Vital signs performed at every patient encounter rou-

tinely include pulse oximetry as a surrogate but reliable index of

blood oxygen levels. The precision, ease of use, and affordability of

these portable devices have fostered their widespread use beyond

clinical settings to now include the home environment, where they

often prompt decisions to seek emergency medical care. However,

current pulse oximetry algorithms carry substantial bias based

on skin pigmentation, and true values for oxygen saturation are

often up to eight percent lower than the recorded measurements.2

These errors, which are more profound at lower oxygen levels,

are generally greatest in  Black subjects. Recent evidence shows

that with pulse oximetry, Black patients are almost three times as

likely to experience occult hypoxemia as White patients.3 This bias

frequently transcends diagnosis to  impact clinical decision-making

processes such as determining the need for supplemental oxygen

and referral for advanced therapies.

Evidence of impaired lung function on spirometric evaluation

remains a  fundamental requirement for the diagnosis and man-

agement of pulmonary fibrosis. The practice of “race adjustment”

of spirometric values, which has been mainstream for over half

a century, has led to the acceptance of lower lung function mea-

surements in Black individuals as being normal.4 As a diagnosis of

respiratory impairment relies on recognizing abnormal values, pul-

monary disease in its early stages remains concealed, and injuries

perpetuated by any underlying causes continue unabated. Often,

this proceeds until severe extrapulmonary manifestations result or

lung function impairment exceeds the set thresholds for ‘normal’

in Black individuals.

Black patients are generally less likely to receive diagnostic med-

ical imaging, especially CT scans, compared to other racial and

ethnic groups.5,6 This disparity persists even after controlling for

other patient and hospital characteristics. In  resource-poor settings

and developing countries, limited access to chest CT imaging and

spirometry is  a common impediment to  the early diagnosis of  pul-

monary fibrosis.7 Structural inequities in the healthcare system as

well as implicit bias ultimately impacts the medical care received by

Black individuals and delays time  to diagnosis of pulmonary fibro-

sis. Even in more developed countries, Black individuals may  be

uninsured or underinsured and lack access high-quality primary

care precluding their ability to obtain diagnostic tests or be referred

for subspecialty pulmonology care.8 This further leads to a  prolon-

gation in the time to  pulmonology referral, a  critical determinant

of the delay in diagnosis.9,10 These delays can be of  grave conse-

quences as the extent of pulmonary fibrosis has been shown to

increase by about two percent for each year that the diagnosis

remains delayed and is  associated with higher mortality.9,11

Inevitably, delayed recognition of the profound alterations in

lung mechanics leads to worsened symptoms and quality of  life.

In addition, the unabated progression of the underlying patho-

physiologic processes may impact extrapulmonary organs. This

multiorgan involvement results in  systemic manifestations that

eventually draw attention to the lungs during clinical evaluation.

At this point, the urgent need for pulmonary intervention belat-

edly prompts a  medical response. This conundrum might also

explain why Blacks in the U.S. and Europe are more likely than

Whites to  be diagnosed with autoimmune-related causes of pul-

monary fibrosis.12,13 In addition, fibrotic sequelae of pulmonary
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Fig. 1.  Risk and protective factors impacting the lung fibrosis clinical continuum.

infections such as COVID-19 pneumonitis that disproportionately

affects Black individuals could conceivably accentuate these racial

disparities and poor outcomes.14

Black individuals also have reduced access to  treatment options

for pulmonary fibrosis. Over the last decade several antifibrotics

have emerged that have been shown to reduce disease progression,

respiratory-related hospitalizations, and may  improve survival.15

As newer drugs become available to  manage pulmonary fibro-

sis, disparities may  widen due to  lower rates of trial  enrollment,

lower physician prescribing and difficulty obtaining high-cost

medications.16 Unfortunately, there is as yet no cure for pulmonary

fibrosis beyond lung transplantation. However, the same issues of

systemic inequities plague access to  lung transplantation leading

to poorer lung function and worse survival in  Black patients even

after listing for lung transplant.17

Increasing evidence suggests that racial differences in lung func-

tion are less attributable to true innate biological differences but are

due more to structural causes of poor health, socioeconomic fac-

tors, race-based algorithms, and technological innovations. These

fundamental causes need to be addressed. The importance of

adequate health insurance coverage and improved access to high-

quality primary and subspecialty pulmonology care  cannot be

overemphasized. Provision of these resources nearly eliminates

the health care coverage gap that exists between Black and

White populations.18 Federally mandated support for minority

populations and community-led strategies that surmount costly

pharmacotherapeutics and improves access to lung transplantation

are essential steps.

Eliminating these health disparities in pulmonary fibrosis diag-

nosis and outcomes is attainable and requires all hands on deck.

Any meaningful progress in eroding these structural causes of poor

health requires an awakening of societal consciousness. We need to

understand better the real damage caused to the health of diverse

populations from these perceived innate differences and prepare

to abrogate them. Public enlightenment campaigns and contem-

porary informational channels can help refocus the spotlight on

harmful belief systems in  medicine and society. While govern-

mental policies and industry-led solutions to remediating flawed

technological innovations are helpful and necessary, true change

also depends on the foundational building block of all human com-

munities – the individual.

Funding

NIH K23HL146942.

Author’s contributions

Conception and design, acquisition of data for the work, analy-

sis and interpretation, and drafting the manuscript for important

intellectual content: all authors (AA, MV,  MS).

Conflict of interest

AA is supported by a  career development award from the

National Heart, Lung, and Blood Institute (K23HL146942), and has

received speaking and advisory board fees from Boehringer Ingel-

heim and grant funding for interstitial lung disease research from

the Pulmonary Fibrosis Foundation. MV,  MS  have no relevant dis-

closures.

References

1. Plantier L, Cazes A, Dinh-Xuan AT, Bancal C,  Marchand-Adam S, Crestani B. Phys-
iology of the lung in idiopathic pulmonary fibrosis. Eur Respir Rev. 2018:27.

2. Feiner JR, Severinghaus JW,  Bickler PE. Dark skin decreases the accuracy of pulse
oximeters at  low oxygen saturation: the effects of oximeter probe type and
gender. Anesth Analg. 2007;105:S18–23, tables of contents.

3. Sjoding MW,  Dickson RP, Iwashyna TJ, Gay SE, Valley TS. Racial bias in pulse
oximetry measurement. N Engl J Med. 2020;383:2477–8.

4. Braun L. Race correction and spirometry: why history matters. Chest.
2021;159:1670–5.

5. Schrager JD,  Patzer RE, Kim JJ, Pitts SR, Chokshi FH, Phillips JS,  et al.
Racial  and ethnic differences in diagnostic imaging utilization during adult

591

http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0095
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0100
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0105
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0110
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115


A. Adegunsoye, M. Vela and M.  Saunders Archivos de Bronconeumología 58 (2022) 590–592

emergency department visits in the United States, 2005 to 2014. J Am Coll Radiol.
2019;16:1036–45.

6. Ross AB, Kalia V, Chan BY, Li G. The influence of patient race on the use of diag-
nostic imaging in United States emergency departments: data from the National
Hospital Ambulatory Medical Care survey. BMC  Health Serv Res. 2020;20:840.

7. Rivera-Ortega P, Molina-Molina M.  Interstitial lung diseases in developing coun-
tries. Ann Glob Health. 2019:85.

8. Cai C, Gaffney A,  McGregor A, Woolhandler S, Himmelstein DU, McCormick D,
et  al. Racial and ethnic disparities in outpatient visit rates across 29 specialties.
JAMA Intern Med. 2021.

9. Pritchard D, Adegunsoye A, Lafond E, et al. Diagnostic test interpretation and
referral delay in patients with interstitial lung disease. Respir Res. 2019;20:253.

10. Mooney J, Chang E, Lalla D,  et  al. Potential delays in diagnosis of idiopathic pul-
monary fibrosis in medicare beneficiaries. Ann Am Thorac Soc. 2019;16:393–6.

11. Lamas DJ, Kawut SM, Bagiella E, Philip N, Arcasoy SM,  Lederer DJ. Delayed access
and  survival in idiopathic pulmonary fibrosis: a  cohort study. Am J  Respir Crit
Care Med. 2011;184:842–7.

12. Duchemann B, Annesi-Maesano I, Jacobe de Naurois C,  Sanyal S, Brillet P-Y,
Brauner M, et al. Prevalence and incidence of interstitial lung diseases in a
multi-ethnic county of Greater Paris. Eur Respir J.  2017:50.

13. Adegunsoye A, Oldham JM,  Bellam SK, Chung JH, Chung PA, Biblowitz KM, et al.
African-American race  and mortality in interstitial lung disease: a  multicentre
propensity-matched analysis. Eur Respir J. 2018:51.

14. Adegunsoye A, Ventura IB,  Liarski VM.  Association of black race with out-
comes in COVID-19 disease: a retrospective cohort study. Ann Am Thorac Soc.
2020;17:1336–9.

15. Dempsey TM,  Sangaralingham LR, Yao X, Sanghavi D,  Shah ND, Limper AH. Clin-
ical effectiveness of antifibrotic medications for idiopathic pulmonary fibrosis.
Am J  Respir Crit Care Med. 2019;200:168–74.

16. Geller SE, Koch AR, Roesch P, Filut A, Hallgren E, Carnes M. The more things
change, the more they stay the same: a study to  evaluate compliance with inclu-
sion and assessment of women and minorities in randomized controlled trials.
Acad Med. 2018;93:630–5.

17. Lederer DJ,  Arcasoy SM, Barr RG, Wilt JS, Bagiella E, D’Ovidio F, et al. Racial
and ethnic disparities in  idiopathic pulmonary fibrosis: a  UNOS/OPTN database
analysis.  Am J  Transplant. 2006;6:2436–42.

18. Wallace J, Jiang K,  Goldsmith-Pinkham P, Song Z. Changes in racial and ethnic
disparities in access to care and health among US  adults at age 65 years. JAMA
Intern Med. 2021.

Ayodeji Adegunsoye a,∗, Monica Vela b,  Milda Saunders b

a Pulmonary/Critical Care, University of Chicago, Chicago, IL, United

States
b General Internal Medicine, University of Chicago, Chicago, IL,  United

States

∗ Corresponding author.

E-mail address: deji@uchicago.edu (A. Adegunsoye).

592

http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0115
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0120
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0125
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0130
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0135
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0140
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0145
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0150
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0155
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0160
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0165
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0170
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0175
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
http://refhub.elsevier.com/S0300-2896(21)00330-6/sbref0180
mailto:deji@uchicago.edu

