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Abstract

Background—Asthma in older adults is associated with increased morbidity and mortality
compared to younger patients. Fixed airflow obstruction (FAQ) is associated with decreased
survival in younger patients, but its significance remains unclear in older adults with asthma.

Objective—To identify risk factors and outcomes related to FAO in older adults with asthma.

Methods—Subjects over age 55 with a physician diagnosis of persistent asthma were evaluated.
Data collected included: participant demographic information; medications; asthma exacerbations;
asthma control test (ACT); asthma quality of life (AQLQ); comorbidities; spirometry; atopic
status; and fractional exhaled nitric oxide (FeNO). Clinical characteristics and outcomes
associated with FAO (defined as FEVV1/FVC post-bronchodilator value < 70%) were assessed.

Results—A total of 186 participants were analyzed (48 males and 138 females, mean age 66
years). FAO was demonstrated in 30% of participants. Using regression analysis, predictors of
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FAO included advanced age; African American race; male gender; and longer duration of asthma.
In outcomes analysis, FAO was associated with a worsened ACT and AQLQ; however, after
controlling for confounding factors, logistic regression revealed no association. No significant
association was found amongst FAO and exacerbations, FeNO, atopy, rhinitis, education level,
depression, smoking or BMI.

Conclusion—Risk factors associated with FAO in older adults with asthma include advanced
age, African American race, increased asthma duration and male gender. Unlike younger patients,
FAO is not independently associated with worsened asthma control, quality of life, or
exacerbations in older asthmatic patients.

Keywords
asthma; fixed airflow obstruction; reversibility; older adults

Introduction

Asthma is a chronic disease resulting in episodic airflow obstruction secondary to
inflammation and bronchospasm of the respiratory tract. The prevalence of asthma in the
United States has continued to escalate, resulting in an increase in both healthcare costs and
morbidity/mortality in the affected populationl. At particular risk is an increasing proportion
of older adults with asthma; it is estimated that 1 in 5 patients with asthma will be above age
65 by 2050, with prevalence increases in the older population continuing to outpace the
younger?. It has been well-documented that morbidity and mortality in older adults with
asthma is greater than that of the younger population, with a confluence of theorized
contributing factors3. Patients above age 55 have higher rates of ED visits, hospitalization,
and asthma-associated healthcare costs compared to those under age 55%. In fact, persons
aged 55 and older demonstrate the highest asthma mortality rate compared to all other
persons with asthma combined®. Despite this, asthma in older adults continues to be an
under-recognized and under-treated epidemic®.

While most patients initially demonstrate reversibility with bronchodilators and/or other
asthma medications, known as reversible airflow obstruction (RAO), some patients will
progress to irreversibility of airflow obstruction, deemed fixed airflow obstruction (FAO).
The estimated prevalence of FAO has been previously reported between 8% and 49% in
patients with asthma, a wide-ranging estimate’8. In fact, a universal consensus has yet to be
established in defining objective measures of FAO”%-19, For the purposes of this study, the
most commonly used and accepted definition of FAO (FEV1/FVC post-bronchodilator
treatment value less than 70%) was utilized121618,

Relatively few studies have been performed to evaluate risk factors for FAO, with significant
heterogeneity amongst inclusion/exclusion criteria’9-19. Some proposed risk factors for FAO
include adult-onset asthma, older age, African American race, male gender, and a history of
smoking based on analyses of patient populations 18 years and older. Paradoxically, the
presence and absence of allergic rhinitis has also been highlighted as a risk factor 78131418,
Despite these findings, there have been no prior studies exclusively related to older adults
with asthma, the population at greatest risk for morbidity and mortality16.
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The significance of FAO with regard to clinical outcomes in older adults with asthma also
remains unclear. Poorer prognoses have been associated with FAO in younger populations®,
but no studies have evaluated the significance of FAO in older adults with asthma related to
NIH core asthma outcomes recommendationst620, It is currently unknown if older adults
with FAO experience poorer outcomes, as is seen in younger adults.

The goal of this study was to examine clinical characteristics, including risk factors and
clinical outcomes, associated with FAQO in older adults with asthma.

Participants and Protocol

As part of a blinded, randomized controlled study of older adults with asthma
(NCT01979055), participants were recruited from two academic institutions in Michigan
serving a diverse population of older adults. Investigators recruited subjects above the age of
55 with a physician diagnosis of persistent asthma, the age above which asthma mortality
rates are the greatest?l. Based on previous data collection from the Centers for Disease
Control and Prevention (CDC), in addition to other prospective trials, the age of 55 years
was used as a threshold for older adults in our study?2-25, An additional analysis was
performed limiting patient age to 65 years or greater and is included in the supplementary
materials section. Persistent asthma was defined according to NIH guidelines, including
answering yes to the following questions: “Has a doctor or health care provider ever told you
that you have asthma?”; “Do you still have asthma?”; and “Do you take any medicine or
inhalers for your asthma every day?”. Exclusionary criteria included any other significant
cardiopulmonary disease (including chronic obstructive pulmonary disease or emphysema);
current smokers; a greater than 20 pack-year smoking history (as this level has been
associated with the development of COPD)26; a lack of telephone access; or significantly
impaired cognitive capacity. Computed tomography scans to assess for emphysematous
changes were not performed. Institutional review board approval and written informed
consent were obtained.

Data Collection

Demographics—A baseline questionnaire was administered to all study participants.
Items assessed included: age; gender; race; self-reported ethnicity; education level; asthma
medications (including dose and frequency); smoking history; age at diagnosis of asthma;
exacerbations over the past year; depression screening; health comorbidities; and body mass
index (BMI). To identify depression in asthma patients, the short-form Geriatric Depression
Scale (GDS) was utilized; a score greater than 5 is suggestive of depression?”. To assess
education level, participants identified their highest level of completed education. Choices
included below high school; high school completion; 2-year college completion; 4-year
college completion; and post-graduate completion. To assess concomitant medical
conditions (comorbidities), participants identified the presence or absence of previously
diagnosed medical conditions consisting of heart disease; hypertension; stroke; or cancer.
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Asthma-related assessments—To assess perceptions of quality of life in asthma
patients, the mini Asthma Quality of Life Questionnaire (AQLQ) was utilized. The AQLQ
questionnaire is the most commonly used measure of quality of life in those with asthma?8.
Subjective perceptions of asthma control were evaluated using the Asthma Control Test
(ACT). A score less than 20 is suggestive of a patient perception of poor asthma control?.
Asthma exacerbations were defined as self-reported medical care usage (with asthma as the
primary reason) over the previous 12 months for 1) hospitalization; 2) emergency
department visits; 3) unscheduled doctor/clinic visits for urgent asthma treatment; 4)
systemic glucocorticoid use; this is consistent with NIH core asthma outcomes20. Asthma
severity was determined using the NIH NAEPP guidelines3. These guidelines, based on
asthma medication use, classify asthma severity on a scale of 1 (mild) to 6 (severe)
(Supplemental Table 1.).

Measures of lung function—To assess lung function parameters, a spirometer was
utilized (EasyOne Plus Model 2001; Zurich, Switzerland) and results were compared to
published predicted values at baseline and after combination short-acting beta-agonist/
anticholinergic administration3!. The maximal bronchodilator response was determined 10
minutes after inhaling nebulized ipratropium bromide and albuterol (0.5 mg/3 mg per 3 mL)
after discontinuation of a short-acting beta agonist (SABA) for at least six hours and long-
acting beta-agonist (LABA) for at least twelve hours. FAO was defined as FEV1/FVC post-
bronchodilator treatment value less than 70%, the most commonly used and accepted
definition121618, Fractional exhaled nitric oxide was measured with a pre-calibrated nitric
oxide monitor (Aerocrine AB Model 510(k); Solna, Sweden).

Atopy—To assess atopic status, participants underwent skin-prick testing at baseline
evaluation after discontinuation of antihistamine medications for at least 5 days. Atopy was
defined by the presence of at least one positive skin-prick test, administered via
ComforTen® applicator, to the tested aeroallergens (house dust mite, mixed grass pollen,
mixed tree pollen, mixed weed pollen, mold mix, cockroach, cat dander, dog dander).
Positive histamine and negative saline controls were also placed. A positive skin-prick test
was defined by a wheal at least 3 mm greater than the negative saline control.

Statistical Analysis

Results

To compare the differences between the FAO and RAO groups, two sample t-test and chi-
square tests were carried out for continuous and dichotomized variables. The logistic
regression analysis was conducted to fit the dichotomized response, being FAO or RAQ,
with demographic covariates adjusted as indicated. The estimated odds of FAO compared to
the odds of RAO were also calculated and provided. SAS version 9.3 (SAS Institute
Incorporated; Cary, NC) was utilized for the analyses.

A total of 186 participants were analyzed. The mean age of participants was 66 years (range
58.6 to 73.4 years) with a 25.8% male and 32.3% African American distribution. The
average asthma duration was 32.1 years, with average BMI 31.2. Of the 186 older adults
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with asthma, 56 (30%) demonstrated FAO according to study criteria. The majority of
participants (n=113; 60.8%) demonstrated atopy, and the mean FeNO value was 28.7 parts
per billion. Participants with RAO demonstrated a significant post-treatment improvement in
FEV1/FVC compared to those with FAO (Table 1.).

When limiting the analysis to those aged 65 years and above, a total of 97 participants were
included. The mean age of participants was 71.3 years with a similar gender, race, asthma
duration, and BMI distribution. Of the 97 older adults with asthma, 34 (35%) demonstrated
FAO.

Risk Factors for FAO

As compared to those with RAQO, stratified group comparison revealed a significant
association between FAO and African American race, male gender, increased duration of
asthma and increased comorbidities (Table 1.). Patient age revealed borderline significance
(p = 0.07) in association to those with FAO. After controlling for confounding factors,
regression analysis identified independent risk factors associated with FAO to include male
gender, increased duration of asthma, older participants, and African American race (Table
2.). Male gender was recognized as an independent risk factor for the development of FAO,
with an almost 4-fold increased risk (OR= 3.98). FAO was independently associated with a
longer duration of asthma in older adults. For every decade with asthma, the risk for FAO in
older adults with asthma increased by 36%. African American race in older adults with
asthma was linked with an increased risk of FAO by a factor of more than 4. FAO was also
correlated with age. For every decade of life in older adults with asthma, their risk of FAO
was increased by 85%. Asthma severity, smoking, atopy, depression, comorbidities,
education level, rhinitis and BMI were not independently associated with FAO using
regression analysis.

When limiting to those aged 65 years and above, stratified group comparison revealed a
significant association between FAO and African American race, increased duration of
asthma, and increased comorbidities (Supplemental Table 2.). After controlling for
confounding factors, regression analysis identified independent risk factors associated with
FAO to include increased duration of asthma; male gender and African American race
revealed borderline significance (Supplemental Table 3.). For every decade with asthma, the
risk for FAQ in older adults above 65 increased by 53% (OR= 1.53, 95% CI: 1.13-2.08).
Asthma severity, smoking, atopy, depression, comorbidities, education level, rhinitis and
BMI were not independently associated with FAO using regression analysis.

Clinical Outcomes Associated with FAO

As compared to those with RAQ, stratified group comparison revealed that those with FAO
had lower subjective asthma scores (Table 3.). In older adults who demonstrated FAO, ACT
scores were lower (16.3 vs. 18.2, p = 0.01). In those older adults with FAO, AQLQ scores
were also lower (4.8 vs. 5.3, p = 0.008); these lower AQLQ scores correlate with a
perception of a worsened quality of life in participants with FAO. However, after controlling
for confounding factors using regression analysis, there was no significant difference
amongst the groups (Table 4.). Logistic regression did reveal systemic glucocorticoid use,

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2019 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bennett et al. Page 6

rhinitis, education level, and BMI as independent risk factors associated with poor
perception of asthma control and quality of life. There was no significant difference in
clinical outcomes pertaining to exacerbations (hospitalization; ED visits; unscheduled
doctor/clinic visits for urgent treatment; or systemic glucocorticoid use) between FAO and
RAO (Table 3.). Logistic regression revealed asthma severity as the only independent risk
factor associated with exacerbations in older adults with asthma (OR=1.86, 95% CI = 1.36
— 2.54) (Supplemental Table 4.).

When limiting to those aged 65 years and above, similar findings were demonstrated. As
compared to those with RAQ, stratified group comparison revealed that those with FAO had
lower subjective asthma quality of life scores, but not asthma control (Supplemental Table
5.). However, after controlling for confounding factors using regression analysis, there was
no significant difference amongst the groups (Supplemental Table 6.). Logistic regression
did reveal systemic glucocorticoid use as an independent risk factor associated with poor
perception of asthma quality of life. There was no significant difference in clinical outcomes
pertaining to exacerbations (hospitalization; ED visits; unscheduled doctor/clinic visits for
urgent treatment; or systemic glucocorticoid use) between FAO and RAO.

Discussion

Our findings identify the prevalence of FAO in older adults with asthma at a rate of 30%,
compared to previously reported incidence rates for all age groups between 8% and 49%8.
Using regression analysis, in older adults, FAQO is associated with older participants, male
gender, African American race, and a longer duration of asthma. No significant association
was found amongst FAO and asthma severity; smoking; atopy; or FeNO, which is disparate
from previous studies of younger populations®-19. Additionally, no association was found
amongst FAO and BMI or education levels.

Compared to those with RAO, there was no difference in exacerbations (hospitalization; ED
visits; unscheduled doctor/clinic visits for urgent treatment; systemic glucocorticoid use) in
those with FAO; this lack of association differs from that seen in younger patients with
FAO®. A similar discordance was recently demonstrated when assessing obesity and asthma
morbidity in older versus younger asthmatic patients32. While bivariate group comparison
did show differences in subjective asthma scores, after controlling for confounding factors
ACT and AQLQ scores were not significantly different. Asthma severity, rhinitis, education
level, and BMI were identified as independent predictors of worsened outcomes in older
asthmatic patients, which are consistent with prior reports133334_ Although depression did
not impact outcomes in our study, it has been previously noted to do so in older adults with
asthma3536,

To our knowledge, this is the first study to evaluate predictors and outcomes associated with
FAO in older adults diagnosed with persistent asthma, the population with the highest
asthma morbidity and mortality. Previous studies have demonstrated an association amongst
FAO and potentially poorer healthcare outcomes in younger populations with asthma®26.
However, in our study of older adults with asthma, lung function assessments (FEV1, FeNO,
FAQ) did not play a role in predicting ACT, AQLQ, or asthma exacerbations. In fact, as
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opposed to younger patients, lung function optimization may be a misguided goal for older
populations with asthma. Other investigators have demonstrated no advantage in asthma
outcomes with the use of peak flow monitoring in older adults with asthma3’. Therefore,
healthcare providers should focus on other previously established risk factors including
asthma severity (determined by medication use, r70f lung function tests), systemic
corticosteroid use, socioeconomic status with education as a proxy, depression and BMI to
improve outcomes for older adults332-3638,

Limitations of the study include a patient population limited to the Midwestern United
States; exclusion of participants with prior diagnoses of COPD and emphysema, which has
the potential for excluding those with the Asthma COPD Overlap Syndrome (ACOS); and
baseline data obtained at a single visit, non-reflective of the potential vacillating nature of
asthma. While it is possible that the study had potential for misdiagnosis of asthma by
healthcare providers, asthma was defined using commonly accepted criteria for
diagnosis3739. It is possible that asthma severity could be misclassified based on the criteria
of asthma medication use, but other large-scale studies have also used asthma medications to
classify asthma severity3240, Additionally, although characteristic associations were
identified in our study, causality cannot be inferred in a cross-sectional study. While it is
possible that the study was underpowered to find differences in asthma exacerbations, this is
unlikely, as the p-value was 0.997, and the specific components of asthma exacerbations
were equally split between the two groups. While the demographic of patients aged 55 and
above is broad, future studies are required to further analyze select patient populations,
including those categorized as the “very old” (>80 years) and ACOS*1.

Despite limitations, the results suggest that independent risk factors associated with FAO in
older adults with asthma include male gender, older participants, African American race,
and increased duration of asthma. Unlike younger patients, our results suggest that FAO is
not implicated in poorer asthma outcomes in older adults, placing less emphasis on lung
function maximization for optimal care outcomes in this population. Asthma is a complex
disease, and further isolation of germane risk factors is paramount for optimal evaluation,
diagnosis, management and counseling related to the treatment of older adults with asthma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
Funding

This work was supported by the National Institutes of Health [RO1AG043401].

Abbreviations

FAO fixed airflow obstruction

NIH National Institutes of Health

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2019 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Bennett et al.

References

1.

Page 8

NAEPP National Asthma Education and Prevention Program

COPD chronic obstructive pulmonary disease
FeNO fractional exhaled nitric oxide

ppb parts per billion

BMI body mass index

GDS geriatric depression scale

AQLQ asthma quality of life

ACT asthma control test

FEV1 forced expiratory volume in 1 second
FVvC forced vital capacity

SABA short-acting p2-agonist

LABA long-acting p2-agonist

OR odds ratio

ER emergency room

SD standard deviation

American Lung Association EaSU, Research and Health Education Division. Trends in asthma
morbidity and mortality. Sep. 2012 Available from: http://www.lung.org/assets/documents/research/
asthma-trend-report.pdf. Secondary

. Wan H. An aging world: 2015 (International Population Reports). Secondary An aging world: 2015

(International Population Reports). 2016

. Bellia V, Pedone C, Catalano F, et al. Asthma in the elderly: mortality rate and associated risk

factors for mortality. Chest. 2007; 132(4):1175-82. [published Online First: Epub Date]. DOI:
10.1378/chest.06-2824 [PubMed: 17890479]

. Tsai C-L, Lee W-Y, Hanania NA, Camargo CA. Age-related differences in clinical outcomes for

acute asthma in the United States, 2006—-2008. Journal of Allergy and Clinical Immunology. 2012;
129(5):1252-58. el. [PubMed: 22385630]

. CDC. National Surveillance of Asthma: United States, 2001-2010. Secondary National Surveillance

of Asthma; United States: 2012. p. 2001-2010.http://www.cdc.gov/nchs/data/series/sr_03/
sr03_035.pdf

. Hartert TV, Togias A, Mellen BG, Mitchel EF, Snowden MS, Griffin MR. Underutilization of

controller and rescue medications among older adults with asthma requiring hospital care. Journal
of the American Geriatrics Society. 2000; 48(6):651—7. [PubMed: 10855601]

. ten Brinke A, Zwinderman AH, Sterk PJ, Rabe KF, Bel EH. Factors associated with persistent

airflow limitation in severe asthma. American journal of respiratory and critical care medicine.
2001; 164(5):744-8. [published Online First: Epub Date]. DOI: 10.1164/ajrccm.164.5.2011026
[PubMed: 11549526]

. Zhang L, He L, Gong J, Liu C. Risk Factors Associated with Irreversible Airway Obstruction in

Asthma: A Systematic Review and Meta-Analysis. BioMed research international. 2016;

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2019 February 01.


http://www.lung.org/assets/documents/research/asthma-trend-report.pdf
http://www.lung.org/assets/documents/research/asthma-trend-report.pdf
http://www.cdc.gov/nchs/data/series/sr_03/sr03_035.pdf
http://www.cdc.gov/nchs/data/series/sr_03/sr03_035.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bennett et al.

Page 9

2016:9868704. [published Online First: Epub Date]. doi: 10.1155/2016/9868704 [PubMed:
27119087]

9. Ulrik CS, Backer V. Nonreversible airflow obstruction in life-long nonsmokers with moderate to

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

severe asthma. The European respiratory journal. 1999; 14(4):892-6. [PubMed: 10573238]
10.

Vonk JM, Jongepier H, Panhuysen CI, Schouten JP, Bleecker ER, Postma DS. Risk factors
associated with the presence of irreversible airflow limitation and reduced transfer coefficient in
patients with asthma after 26 years of follow up. Thorax. 2003; 58(4):322—7. [PubMed: 12668795]

Bumbacea D, Campbell D, Nguyen L, et al. Parameters associated with persistent airflow
obstruction in chronic severe asthma. The European respiratory journal. 2004; 24(1):122-8.
[PubMed: 15293614]

Lee JH, Haselkorn T, Borish L, Rasouliyan L, Chipps BE, Wenzel SE. Risk factors associated with
persistent airflow limitation in severe or difficult-to-treat asthma: insights from the TENOR study.
Chest. 2007; 132(6):1882-9. [published Online First: Epub Date]. DOI: 10.1378/chest.07-0713
[PubMed: 18079222]

Jang AS, Lee JH, Park SW, Park JS, Kim DJ, Park CS. Risk factors related to fixed airway
obstruction in patients with asthma after antiasthma treatment. Annals of allergy, asthma &
immunology: official publication of the American College of Allergy, Asthma, & Immunology.
2007; 99(5):408-12. [published Online First: Epub Date]. DOI: 10.1016/s1081-1206(10)60564-9

Liebhart J, Polak M, Dabrowski A, et al. The G/G genotype of transforming growth factor beta 1
(TGF-betal) single nucleotide (+915G/C) polymorphism coincident with other host and
environmental factors is associated with irreversible bronchoconstriction in asthmatics.
International journal of immunogenetics. 2008; 35(6):417-22. [published Online First: Epub
Date]. DOI: 10.1111/j.1744-313X.2008.00771.x [PubMed: 19046298]

Kaminska M, Foley S, Maghni K, et al. Airway remodeling in subjects with severe asthma with or
without chronic persistent airflow obstruction. The Journal of allergy and clinical immunology.
2009; 124(1):45-51. e1-4. [published Online First: Epub Date]. DOI: 10.1016/j.jaci.2009.03.049
[PubMed: 19481790]

Contoli M, Baraldo S, Marku B, et al. Fixed airflow obstruction due to asthma or chronic
obstructive pulmonary disease: 5-year follow-up. The Journal of allergy and clinical immunology.
2010; 125(4):830-7. [published Online First: Epub Date]. DOI: 10.1016/j.jaci.2010.01.003
[PubMed: 20227753]

Jang A-S, Park J-S, Lee J-H, et al. Asthmatics Without Rhinitis Have More Fixed Airway
Obstruction Than Those With Concurrent Rhinitis. Allergy Asthma Immunol Res. 2010; 2(2):108-
13. [PubMed: 20358024]

Lee T, Lee YS, Bae YJ, et al. Smoking, longer disease duration and absence of rhinosinusitis are
related to fixed airway obstruction in Koreans with severe asthma: findings from the COREA
study. Respiratory research. 2011; 12:1. [published Online First: Epub Date]. doi:
10.1186/1465-9921-12-1 [PubMed: 21194498]

Perret JL, Dharmage SC, Matheson MC, et al. The interplay between the effects of lifetime asthma,
smoking, and atopy on fixed airflow obstruction in middle age. American journal of respiratory
and critical care medicine. 2013; 187(1):42-8. [published Online First: Epub Date]. DOI: 10.1164/
rccm.201205-07880C [PubMed: 23155143]

Busse WW, Morgan WJ, Taggart V, Togias A. Asthma outcomes workshop: overview. Journal of
Allergy and Clinical Immunology. 2012; 129(3):S1-S8. [PubMed: 22386504]

Gillman A, Douglass JA. Asthma in the elderly. Asia Pac Allergy. 2012; 2(2):101-08. [PubMed:
22701859]

CDC. Health Characteristics of Adults 55 Years of Age and Over: United States, 2000-2003.
Secondary Health Characteristics of Adults 55 Years of Age and Over: United States, 2000—2003.
2006. https://www.cdc.gov/nchs/data/ad/ad370.pdf

Goeman DP, O’hehir RE, Jenkins C, Scharf SL, Douglass JA. “You have to learn to live with it’: a
qualitative and quantitative study of older people with asthma. The clinical respiratory journal.
2007; 1(2):99-105. [PubMed: 20298288]

Nyenhuis SM, Schwantes EA, Mathur SK. Characterization of leukotrienes in a pilot study of older
asthma subjects. Immunity & Ageing. 2010; 7(1):8. [PubMed: 20602786]

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2019 February 01.


https://www.cdc.gov/nchs/data/ad/ad370.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bennett et al.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 10

Enright PL, Ward BJ, Tracy RP, Lasser EC. Asthma and its association with cardiovascular disease
in the elderly. The Cardiovascular Health Study Research Group. J Asthma. 1996; 33(1):45-53.
[PubMed: 8621370]

Straus SE, McAlister FA, Sackett DL, Deeks JJ. The accuracy of patient history, wheezing, and
laryngeal measurements in diagnosing obstructive airway disease. Jama. 2000; 283(14):1853-57.
[PubMed: 10770147]

Burke WJ, Roccaforte WH, Wengel SP. The short form of the Geriatric Depression Scale: a
comparison with the 30-item form. Journal of geriatric psychiatry and neurology. 1991; 4(3):173-
8. [PubMed: 1953971]

Reddel HK, Taylor DR, Bateman ED, et al. An official American Thoracic Society/European
Respiratory Society statement: asthma control and exacerbations: standardizing endpoints for
clinical asthma trials and clinical practice. American journal of respiratory and critical care
medicine. 2009; 180(1):59-99. [PubMed: 19535666]

Nathan RA, Sorkness CA, Kosinski M, et al. Development of the asthma control test: a survey for
assessing asthma control. The Journal of allergy and clinical immunology. 2004; 113(1):59-65.
[published Online First: Epub Date]. DOI: 10.1016/j.jaci.2003.09.008 [PubMed: 14713908]

Lung NH, Institute B. National asthma education and prevention program. Expert panel report.
2007:3.

Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for lung function tests. The
European respiratory journal. 2005; 26(5):948-68. [published Online First: Epub Date]. DOI:
10.1183/09031936.05.00035205 [PubMed: 16264058]

Xu KY, Wisnivesky JP, Martynenko M, et al. Assessing the association of obesity and asthma
morbidity in older adults. Annals of Allergy, Asthma & Immunology. 2016; 117(1):33-37.

Smith AM, Villareal M, Bernstein DI, Swikert DJ. Asthma in the elderly: risk factors and impact
on physical function. Annals of allergy, asthma & immunology: official publication of the
American College of Allergy, Asthma, & Immunology. 2012; 108(5):305-10. [published Online
First: Epub Date]. DOI: 10.1016/j.anai.2012.02.022

Taylor B, Mannino D, Brown C, Crocker D, Twum-Baah N, Holguin F. Body mass index and
asthma severity in the National Asthma Survey. Thorax. 2008; 63(1):14-20. [PubMed: 18156567]
Oza PM, Patel MR, Baptist AP. Influence of Depression on Asthma Outcomes in Older Adults-
Results from the National Health and Nutrition Examination Survey (2007-2012). Journal of
Allergy and Clinical Immunology. 2016; 137(2):AB11.

Baptist AP, Hamad A, Patel MR. Older women with asthma: special challenges in treatment and
self-management. Annals of allergy, asthma & immunology: official publication of the American
College of Allergy, Asthma, & Immunology. 2014; 113(2):125.

Buist AS, Vollmer WM, Wilson SR, Frazier EA, Hayward AD. A randomized clinical trial of peak
flow versus symptom monitoring in older adults with asthma. American journal of respiratory and
critical care medicine. 2006; 174(10):1077-87. [PubMed: 16931634]

Adams RJ, Smith BJ, Ruffin RE. Factors associated with hospital admissions and repeat
emergency department visits for adults with asthma. Thorax. 2000; 55(7):566—73. [PubMed:
10856316]

Expert Panel Report 3 (EPR-3): Guidelines for the Diagnosis and Management of Asthma—
Summary Report 2007. Journal of Allergy and Clinical Immunology. 120(5):594-S138. [PubMed:
17983880]

Ungar WJ, Chapman KR, Santos MT. Assessment of a medication-based asthma index for
population research. Am J Respir Crit Care Med. 2002; 165:190-194. [PubMed: 11790653]
Battaglia S, Benfante A, Spatafora M, Scichilone N. Asthma in the elderly: a different disease?
Breathe. 2016; 12(1):18-28. DOI: 10.1183/20734735.002816 [PubMed: 27064568]

Ann Allergy Asthma Immunol. Author manuscript; available in PMC 2019 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bennett et al.

Table 1
Baseline participant data”™
FAO RAO p-value
Number of participants 56 130
African American 55.4 (31) 22.3(29) <0.0001
Male gender 37.5(21) 21.5(28) 0.04
40.8 284
Asthma duration, yr (SD) (21.3) (19.5) 0.0001
Comorbidities? 11 0.8 0.005
67.7 65.2
Age, yr (SD) (9.0 (6.4) 0.07
Smoking duration, pack-years (SD) 29(6.2) 23(54) 0.46
Education level? 3.4 3.6 0.26
Atopy 62.5(35) 60 (78) 0.75
Rhinitis 76.8 (43) 72.3(94) 0.52
Depression 23.3(13) 239(31) 0.93
BMI 311 31.2 0.94
Asthma severity score? 35 3.6 0.66
FeNO value? 33 26.9 0.2
54.5 771
FEV1 pre-treatment, % predicted (SD) (16.1) (18.4) <0.0001
61.1 81.8
FEV1 post-treatment, % predicted (SD) (16.3) (16.8) <0.0001
FEV1 difference (post - pre), % (SD) 6.5(9.8) 4.7(94) 0.22
61.1 76.1
FEV1/FVC, pre-treatment value (SD) (10.6) (6.8) <0.0001
61.1 794
FEV1/FVC, post-treament value (SD) (8.2) (5.2 <0.0001
0.007 3.3
FEV1/FVC difference (post - pre), % (SD) (9.6) (5.7) 0.02

*
Data presented as % (n) unless otherwise indicated

Page 11

FAO = fixed airflow obstruction; RAO = reversible airflow obstruction; BMI = body mass index; FEV1 = forced expiratory volume in 1 second,;

FVC = forced vital capacity

Average number of comorbidities including heart disease; hypertension; stroke; or cancer

21 = below high school; 2 = high school; 3 = 2-yr college; 4= 4-yr college; 5= post-graduate degree
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3 . .
NIH NAEPP severity score on a scale of 1 (mild) to 6 (most severe)

4FeNO = fractional exhaled nitric oxide (in parts per billion)
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Table 2

Logistic regression of factors associated with FAO

p-value OR  95% Confidence Interval
Male gender 0.005 398 (1.51,10.54)
Asthma duration by decade ~ 0.004 136 (1.10, 1.67)
African American race 0.009 4.29 (1.45,12.76)
Age (by decade) 0.050 1.85 (1.01,3.40)

OR = odds ratio
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Table 3
Outcomes in older adults with asthma™
FAO RAO p-value
Asthma control test score - ACT (SD) 16.3(4.7) 18.2(4.5) 0.01
Asthma quality of life score - AQLQ (SD) 4.8(1.3) 5.3(1.1)  0.008
Asthma exacerbations 55.4(31) 55.4(72) 0.997
Hospitalization 14.6 (8) 9.2 (12) 0.29
ER visit 232(13) 14.6(19) 0.5
Unscheduled medical visit 32.1(18) 34.4(44) 0.77
Glucocorticoid use 429(24) 49.2(62) 043

*
data presented as % (n) unless otherwise indicated
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Table 4

Linear regression of predictors of ACT and AQLQ

B 95% Confidence Interval p-value
ACT
Race -2.37 (-4.0,-0.78) 0.004
Systemic glucocorticoid use -1.89 (-3.16,-0.62) 0.004
Rhinitis -1.92 (-3.33,-0.51) 0.008
Education level 0.65 (0.06, 1.24) 0.03
Fixed airflow obstruction (FAO) 0.04 (-1.61, 1.69) 0.96
Gender -0.43 (-1.90, 1.04) 0.57
Age -0.07 (-0.97,0.83) 0.87
Asthma severity scored -0.47 (-1.0, 0.06) 0.09
Asthma duration -0.05 (-0.38,0.28) 0.75
Atopy 0.66  (-0.65, 1.97) 0.33
Depression -0.63 (-2.10,0.84) 0.4
BMI -0.05 (-0.13,0.03) 0.31
Comorbidities? -0.47  (-1.37,0.43) 031
Fractional exhaled nitric oxide (FeNO) -0.01  (-0.03, 0.01) 0.21
FEV1, % 0.03 (-0.01,0.07) 0.09
AQLQ
Race -0.86 (-1.25,-0.47) 0.0001
Systemic glucocorticoid use -0.49 (-0.80,-0.18) 0.002
Rhinitis -0.56 (-0.89, -0.23) 0.001
BMI -0.02 (-0.04,0.01) 0.03
Asthma severity score? -0.14 (-0.28,-0.01) 0.04
Education level 0.15 (0.01,0.29) 0.05
Fixed airflow obstruction (FAO) -0.17 (-0.56, 0.22) 0.41
Gender -0.31 (-0.66, 0.04) 0.09
Age 0.06  (-0.16,0.28) 0.6
Asthma duration 0.02 (-0.06, 0.10) 0.57
Atopy 001  (-0.30,0.32) 0.95
Depression -0.14 (-0.49,0.21) 0.45
Comorbidities? -0.08 (-0.30,0.14) 0.47
Fractional exhaled nitric oxide (FeNO)  0.002  (-0.01,0.01) 0.51
FEV1, % 0.005 (-0.01,0.02) 0.28

ACT = asthma control test; AQLQ = asthma quality of life

FEV1 = forced expiratory volume in 1 second, pre-treatment (% predicted)

JNIH NAEPP severity score on a scale of 1 (mild) to 6 (most severe)
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Comorbidities including heart disease; hypertension; stroke; or cancer
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