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3 Childhood Wheeze Patterns: What Do They Tell Us?

The relationship between childhood wheeze and increased risk

of asthma/lung disease is well established, and latent class analysis
(LCA) of wheezing patterns has done an excellent job of categorizing
childhood wheeze into different subcategories with differing risks

of asthma development and associations with higher or lower levels of
pulmonary function (1-3). However, the description of these categories
often varies between studies because of sample size, timing, frequency
of data collection, and potentially imprecise classification of an
individual into a category. In this issue of the Journal, Haider and
colleagues (pp. 883-893) use a data-driven, novel, dynamic “spell-
based” approach and apply partition around medoids (PAM)
clustering on these spell indicators to derive wheezing phenotypes, as
opposed to applying LCA to the binary question of wheeze versus no
wheeze (4). This spell-based approach incorporated six
multidimensional longitudinal indicators, including the duration of
wheezing episodes. It was applied to data from 7,719 participants from
the STELAR (Study Team for Early Life Asthma Research) consortium,
an established consortium of five birth cohorts with harmonized data
(3). Using this spell-based approach, the authors categorized wheeze
into five classes: never (NWZ; 54.1%); early-transient (ETW; 23.7%);
late onset (LOW; 6.9%); persistent (PEW; 8.3%); and a novel
phenotype, intermittent wheeze (INT; 6.9%). This differed from
previous analyses that used LCA, which most often identified four
consistent wheeze phenotypes: NWZ, ETW, LOW, and PEW (1-3).

The wheezing phenotypes derived from the dynamic spell-based
approach on their surface appear similar to those derived from LCA,
but addition of the INT group created more homogeneous
phenotypes. For instance, the spell-based NWZ group had no
wheezing, whereas in the LCA NWZ group, 10% had occasional
wheezing. The spell-based ETW group reported no wheezing after 10
years of age, whereas in the LCA ETW group, some children reported
wheeze to age 18 years. Similarly, in the spell-based LOW group,
there was no wheezing before the age of 8, whereas in the LCA LOW
group, there was wheezing at earlier ages. The PAM spell-based
grouping also appeared more stable in terms of children’s
assignments and predicting asthma and pulmonary function.

The spell-based approach demonstrated that all four wheeze
phenotypes compared with the NWZ phenotype were associated with
a higher risk of asthma diagnosis and medication use in adolescence,
with 3.4% of the ETW class having an asthma diagnosis in the PAM
spell-based model versus 8.4% in the LCA binary model, illustrating
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increased homogeneity in the spell-based approach. Importantly, the
majority of asthma risk fell in the LOW, PEW, and INT spell-based
classes and relatively little in the NWZ and ETW groups. All four
spell-based classes of wheeze were significantly associated with
decreases in FEV,/FVC in adolescence, with the PEW and INT classes
being consistently lower than the ETW and LOW groups.
Interestingly, the LOW group still showed increased risk of asthma,
despite decreases in FEV;/FVC less than those observed in the INT
and PEW groups. The FEV,/FVC was significantly lower in all wheeze
phenotypes compared with the NWZ group, supporting the premise
that the children with wheezing phenotypes likely did not reach
normal maximum lung function in early adulthood. The FEV,/FVC
was consistently lower in the PEW and INT groups than in the ETW
and LOW phenotypes and thus could have the greatest predisposition
to chronic obstructive pulmonary disease over time. Of all wheeze
phenotypes, the novel INT group was the only phenotype to have a
decline in their z-score for FEV/FVC from ages 8 to 24 in both
cohorts, suggesting an early decline in lung function for this group.

Genetic analysis showed that 17q12-21 and CDHR3
polymorphisms were associated with higher odds of PEW and INT but
not with LOW, thus suggesting that LOW is quite different from PEW
and INT (4). This is also in contrast to findings from other investigators
that demonstrated similar associations between multiple SNPs in the
17q12-21 locus and all LCA wheezing phenotypes (5). This suggests
that a more thorough slicing and dicing of wheeze phenotypes will
facilitate better genetic linkage and explanations of cause.

Thus, a key finding of this paper is that better wheeze
classification will potentially allow better correlation with genetic and
epigenetic mechanisms as well as prenatal and postnatal exposures.
This can lead to better prevention strategies by prioritizing and
modifying the many potential risk factors for wheeze. Although
complex, some of these potentially modifiable prenatal factors include
preterm deliveries, intrauterine growth restriction, smoking in
pregnancy, toxin exposure, placental abnormalities, maternal
nutrition, inflammation, stress, obesity, and delivery mode (1).
Potential postnatal factors include breastfeeding duration, viral
infections, allergen exposures, and the lung-gut microbiome, among
others. Greater understanding of wheeze phenotypes will facilitate
development of targeted therapies, potentially in utero or early in
postnatal life, such as vitamin C supplementation during pregnancy,
antigenic exposures, and vitamin D supplementation (6-9).
Understanding the interaction of specific wheeze phenotypes with
specific genotypes has particular promise (10).

This study raises a number of unanswered questions. Will
different approaches be needed to prevent the different types of
wheeze? How much heterogeneity still resides in these five classes?
What are the relative prenatal versus postnatal causes of these classes
and the role of environmental pollution? Which of these phenotypes
may predispose individuals to chronic obstructive pulmonary disease?
How will the novel INT phenotype evolve beyond early adulthood?
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There are a number of limitations to this paper. To some extent, it
represents only an incremental advance over the LCA approach. It relies
heavily on imputation, and it may be difficult for other groups to
replicate this analytic approach, depending on the needed sample size.
The population studied does not appear to be racially diverse. A recent
study using LCA showed similar wheeze patterns in White and African
American children; however, the African American children were more
likely to be in the PEW group (5). A study of 11,000 children showed
the incidence rates of asthma among African American children with
no family history of asthma were markedly higher than those of non-
Hispanic White children during the preschool years (11). Thus, how the
wheeze classification described here may change with a more diverse
population remains to be determined. The cohorts also did not perform
early-life airway function tests that could have helped identify early-life
associations with wheeze phenotypes.

Wheeze phenotypes such as lung function trajectories are at least
partially established by perinatal factors, allowing the potential for
primary prevention with early-life interventions (12). More precise
clustering of wheeze phenotypes as described here has the potential to
facilitate these strategies. This paper once again demonstrates the
importance of longitudinal, diverse birth cohorts to identify the
possible genetic, prenatal, and environmental factors associated with
different wheeze phenotypes and their association with lung function
trajectories, lung disease, and prevention strategies. H

Author disclosures are available with the text of this article at
www.atsjournals.org.

Cindy T. McEvoy, M.D., M.C.R.
Oregon Health and Science University
Portland, Oregon

Eliot R. Spindel, M.D., Ph.D.
Oregon National Primate Research Center
Beaverton, Oregon

ORCID ID: 0000-0001-8501-8813 (C.T.M.).

‘ ") Check for updates

References

1. Owora AH, Zhang Y. Childhood wheeze trajectory-specific risk factors: a
systematic review and meta-analysis. Pediatr Allergy Immunol 2021;32:
34-50.

2. Bacharier LB, Beigelman A, Calatroni A, Jackson DJ, Gergen PJ,
O’Connor GT, et al.; NIAID sponsored Inner-City Asthma Consortium.
Longitudinal phenotypes of respiratory health in a high-risk urban birth
cohort. Am J Respir Crit Care Med 2019;199:71-82.

3. Oksel C, Granell R, Haider S, Fontanella S, Simpson A, Turner S, et al.;
STELAR investigators, breathing Together investigators. Distinguishing
wheezing phenotypes from infancy to adolescence. A pooled analysis of
five birth cohorts. Ann Am Thorac Soc 2019;16:868—-876.

4. Haider S, Granell R, Curtin J, Fontanella S, Cucco A, Turner S, et al.
Modeling wheezing spells identifies phenotypes with different outcomes
and genetic associates. Am J Respir Crit Care Med 2022;205:883—-893.

5. Hallmark B, Wegienka G, Havstad S, Billheimer D, Ownby D, Mendonca
EA, et al. Chromosome 17q12-21 variants are associated with multiple
wheezing phenotypes in childhood. Am J Respir Crit Care Med 2021;
203:864-870.

6. McEvoy CT, Shorey-Kendrick LE, Milner K, Schilling D, Tiller C, Vuylsteke
B, et al. Vitamin C to pregnant smokers persistently improves infant
airway function to 12 months of age: a randomised trial. Eur Respir J
2020;56:1902208.

7. McEvoy CT, Schilling D, Clay N, Jackson K, Go MD, Spitale P, et al.
Vitamin C supplementation for pregnant smoking women and pulmonary
function in their newborn infants: a randomized clinical trial. JAMA 2014;
311:2074-2082.

8. Litonjua AA, Carey VJ, Laranjo N, Stubbs BJ, Mirzakhani H, O’'Connor GT,
et al. Six-year follow-up of a trial of antenatal vitamin D for asthma
reduction. N Engl J Med 2020;382:525-533.

9. Liu AH. Revisiting the hygiene hypothesis for allergy and asthma. J Allergy
Clin Immunol 2015;136:860-865.

10. Knihtila HM, Kelly RS, Brustad N, Huang M, Kachroo P, Chawes BL,

et al. Maternal 17g21 genotype influences prenatal vitamin D effects on
offspring asthma/recurrent wheeze. Eur Respir J 2021;58:2002012.

11. Johnson CC, Chandran A, Havstad S, Li X, McEvoy CT, Ownby DR,
et al.; Environmental Influences on Child Health Outcomes (ECHO)
collaborators. US childhood asthma incidence rate patterns from the
ECHO Consortium to identify high-risk groups for primary prevention.
JAMA Pediatr 2021;175:919-927.

12. Owora AH, Becker AB, Chan-Yeung M, Chan ES, Chooniedass R,
Ramsey C, et al. Wheeze trajectories are modifiable through early-
life intervention and predict asthma in adolescence. Pediatr Allergy
Immunol 2018;29:612—-621.

Copyright © 2022 by the American Thoracic Society

3 Bronchiectasis, the Latest Eosinophilic Airway Disease

What About the Microbiome?

Asthma and chronic obstructive pulmonary disease (COPD) are
heterogeneous conditions in which biomarkers can help identify
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individuals who require different management strategies. In asthma,
higher type 2 biomarker measurements, including blood eosinophil
counts (BECs), can identify individuals with a greater likelihood of a
positive corticosteroid response or those with severe asthma who are
candidates for biological therapies directed against type 2
inflammation (1).

The Global Initiative for Chronic Obstructive Lung Disease
management strategy supports the use of BECs in patients with
COPD with increased exacerbation risk to help direct appropriate
inhaled corticosteroid (ICS) use (2). The relationship between BEC
and ICS effects is continuous; a BEC <100 cells/pl identifies
individuals with no or little possibility of ICS benefit, with the
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