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BACKGROUND: Asthma is common in older adults and is confirmed by demonstration of vari-

able expiratory air-flow limitations, typically evaluated by spirometric assessment of bronchodi-

lator responsiveness. However, many patients with clinically suspected asthma and documented

air-flow obstruction do not exhibit a post-bronchodilator response that meets or exceeds current

established guidelines. We investigated if extending the time from bronchodilator administration

to assessment of bronchodilator response increases the yield of spirometry for the diagnosis of

asthma in older adults. METHODS: This was a cross-sectional study. The subjects were non-

smokers, 6 60 y old, and with suspected asthma. Subjects were characterized as (1) those with

a positive bronchodilator response on the 30-min post-bronchodilator spirometry, (2) those with

a positive bronchodilator response on the 60-min post-bronchodilator spirometry, and (3) those

without a positive bronchodilator response but with a positive methacholine challenge test.

Factors associated with a late response to bronchodilator were evaluated by using bivariate anal-

ysis and by multivariate analysis by using a logistic regression model. RESULTS: This study

enrolled 165 subjects. Of these, 81 (49.1%) had a positive bronchodilator response on 30-min

post-bronchodilator spirometry; 25 (15.2%) had a positive bronchodilator response on the 1-h

post-bronchodilator spirometry; and 59 (35.8%) had no positive bronchodilator response but

had a positive methacholine challenge test. On multivariable regression analysis, those with a

higher baseline percentage of predicted FEV1, higher scores on a standard asthma control test,

and wheezing and/or cough after exercise were more likely to either have a late bronchodilator

response or no bronchodilator response. CONCLUSIONS: Our study showed that a late positive

response to bronchodilator use was more common than previously presumed in older subjects

with suspected asthma. Pulmonary function testing laboratories should consider routinely reas-

sessing spirometry at 1 h after bronchodilator use if the earlier assessment did not reveal a sig-

nificant response. Key words: asthma; aging; older adult; bronchodilator effect; albuterol; lung
diseases; spirometry. [Respir Care 0;0(0):1–�. © 0 Daedalus Enterprises]

Introduction

There are epidemiological data that demonstrate the high

burden of asthma, not only for children and younger adults

but also for older adults. The prevalence of asthma in the

United States in 2017 was 7.0% for those ages $65 y old.1

Unfortunately, this age group accounts for a dispro-

portionally higher rate of asthma deaths compared with
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other age groups.2 Worldwide, asthma is believed to be

underdiagnosed and undertreated.3 In a population-based

study, underdiagnoses were present in more than half of the

adults with asthma, and it was more common in those

> 64 y.4

An accurate diagnosis of asthma can be a challenging

task.5 A defining feature of asthma is the presence of vari-

able expiratory air-flow obstruction. The initial recom-

mended test to demonstrate variable expiratory air-flow

obstruction is spirometry with bronchodilator response

assessment. The Global Strategy for Asthma Management

and Prevention report6 indicates that bronchodilator revers-

ibility is to be assessed 10–15 min after short-acting bron-

chodilator administration, whereas the American Thoracic

Society (ATS)/European Respiratory Society (ERS) Task

Force Report: Standardization of Lung Function Testing7

states that bronchodilator reversibility is to be assessed at

15 min. In our clinical practice, we noted that, for many

older patients being evaluated for asthma, a positive bron-

chodilator response was not demonstrated within 30

min but was present 60 min after short-acting broncho-

dilator administration. Such clinical observation can

have important implications for clinical practice if our

findings are confirmed by well-designed studies. The

late response to bronchodilators could be particularly

common in older adults due to physiologic changes

associated with aging and long-term chronic disease

burden.8-13

In this study, we hypothesized that, in a substantial pro-

portion of older adults with asthma, a positive bronchodila-

tor response would not be present within 30 min but would

be present 1 h after short-acting bronchodilator administra-

tion. The primary aim of this study was to determine the

proportion of older adults for whom bronchodilator

response is negative at 30 min and positive at 1 h after

short-acting bronchodilator administration (late response).

The secondary aim was to assess factors associated with

late response to short-acting bronchodilators. Some of the

results of these studies were previously reported in the form

of an abstract.14

Methods

This study used a cross-sectional design and is a second-

ary analysis of the parent “Asthma in Older Adults:

Identifying phenotypes and factors impacting outcomes”

study, which is a prospective, observational study funded

by the National Institutes of Health, National Institute on

Aging.15 The study was approved by the University of

Louisville Institutional Review Board (13.0419), and sub-

jects provided written informed consent. Details about the

study methods have been previously reported.5,15 Inclusion

criteria to be enrolled in the study were ages$ 60 y, physi-

cian diagnosis of asthma, and $1 positive response to 6

asthma screening questions. Individuals were excluded if

they had a diagnosis of another pulmonary disease, lived in

a nursing home, were a current smoker, had a >20 pack-

year history of smoking, or smoked within the past 5 years.

The subjects underwent baseline spirometry with bron-

chodilator response testing in the clinical trials unit at the

University of Louisville. The equipment used for lung func-

tion testing was the nSpire Koko spirometry system

(Longmont, Colorado). The device was calibrated by using

a 3-L syringe before subject testing, and we followed rec-

ommendations as outlined by the ATS. Spirometric refer-

ence values were obtained from the equations derived from

the third National Health and Nutrition Examination

Survey by Hankinson et al.16 The subjects were required to

hold short-acting b -agonists for 4 h and long-acting

b -agonists for 12 h before the test. In addition, anticholi-

nergic bronchodilators were held for a 6-h period and leu-

kotriene receptor antagonists were held for 24 h before the

test.

Enrollment pulmonary function assessments were com-

pleted by a registered respiratory therapist certified in pul-

monary function testing (BLB). Baseline testing included at
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QUICK LOOK

Current knowledge

Standard protocols for diagnosing asthma include spi-

rometry with bronchodilator response assessment

10–15 min after short-acting bronchodilator administra-

tion. For older adults, clinical observations revealed

10–15 min is not always adequate to see a bronchodila-

tor response.

What this paper contributes to our knowledge

Older adults with suspected asthma may not have a

bronchodilator response within the standard 10–15 min

after short-acting b -agonist administration. Up to

60 min after bronchodilator administration may be

needed for a bronchodilator response in older adults.
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least 3 acceptable attempts based on forced exhalation of at

least 6 s, and repeatability of FVC and FEV1 within 200 mL

or 10%, whichever was smaller. The subjects received 2.5 mg

of albuterol mixed with normal saline solution, nebulized in a

McKesson small-volume nebulizer, powered by a Schuco

compressor (Allied Healthcare Products, St. Louis, Missouri),

for 10 min. The subjects were then tested at 30 min after treat-

ment completion. Both the pre- and post-bronchodilator

spirometry were performed with the subjects in a sitting posi-

tion while wearing nose clips. The post-treatment spirometry

also consisted of at least 3 maneuvers with the same accept-

ability and repeatability criteria mentioned above.

A positive bronchodilator response was present if there

was a post-bronchodilator increase of $12% and an abso-

lute change of >200 mL from the baseline FEV1 and/or

FVC.7 In those who did not have a positive bronchodilator

response in the 30-min post-bronchodilator spirometry, a

repeated spirometry was performed 60 min after bronchodi-

lator, and the same criteria were used to define positive

reversibility.

For all the subjects, structured data collection also in-

cluded demographic information (eg, age, sex, smoking

history, age at diagnosis), clinical information (eg, asthma

screening questions, body mass index), number of reported

comorbidities, number of medications (prescribed and

over-the-counter), the 5-item Asthma Control Test,17,18

fractional exhaled nitric oxide, total immunoglobulin E

(IgE), skin prick testing, and specific IgE for 14 airborne

allergens common to the Louisville, Kentucky area; total

IgE; and vitamin D. The outcome of interest was positive

bronchodilator response after short-acting b -agonist ad-

ministration only at 1 h, which we denominated as a late

response. In this study, the subjects were divided into 3

groups: (1) those with a positive bronchodilator response

on the 30-min post-bronchodilator spirometry, (2) those

with a positive bronchodilator response on the 60-min post-

bronchodilator spirometry, and (3) those without a positive

bronchodilator response but with a positive methacholine

challenge test.

Statistical Analysis

Categorical variables are presented as count and percent-

age, whereas continuous variables are presented as means,

SDs, and minimum and maximum values. The association

between factors and a late response to bronchodilator was

evaluated by using the chi-square or Fisher exact tests for

categorical variables and analysis of variance for continu-

ous variables. The Bonferroni post hoc analysis was applied

for significant analysis of variance findings. Multivariable

ordinal logistic regression was used to assess the effect of

potential predictors, which were chosen a priori based on

possible biologic plausibility, on a late response to broncho-

dilator use. The asthma screening question that addressed

symptom improvement with asthma treatment was re-

moved from the model due to a quasi-complete separation

of data points and failure of the model to converge. A score

test was conducted to check the proportional odds assump-

tion. Statistical software SAS version 9.4 (SAS Institute,

Cary, North Carolina) was used for all statistical analysis,

and an alpha level of 0.05 was used to determine statistical

significance.

Results

This study enrolled 165 subjects with suspected asthma.

Of those, 81 (49.1%) had a positive bronchodilator

response on 30-min post-bronchodilator spirometry; 25

(15.2%) had a positive bronchodilator response at the 1-h

post-bronchodilator spirometry; and 59 (35.8%) had no

positive bronchodilator response but had a subsequent posi-

tive methacholine challenge test result. The subjects were

primarily female (72.7%), white (76.4%), completed at

least 1 year of college (79.4%), and retired (70.3%). Their

mean 6 SD age was 68.0 6 6.0 y. The characteristics of

the subjects according to their bronchodilator reversibility

status are provided in T1-T2Tables 1 and 2. The subjects who had

no bronchodilator reversibility at 30 or 60 min were more

likely to be employed. Individuals who had bronchodilator

reversibility at 60 min had significantly more comorbidities

than those who had no reversibility or had reversibility at

30 min. There were no significant differences between the

groups with regard to demographic characteristics, asthma

screening questions, age of asthma diagnosis, body mass

index, vitamin D, atopy, pack-years ever smoked, the num-

ber of medications, or fractional exhaled nitric oxide. There

was a trend toward a lower total IgE in those with no bron-

chodilator reversibility at 30 or 60 min.

Significant differences were identified among the 3

groups for all baseline and 30-min post-bronchodilator pul-

monary function tests, except for post-bronchodilator FVC

% predicted. In addition, there were significant differences

among the groups with the Asthma Control Test scores.

Those with positive bronchodilator response at 30 min

had significantly lower baseline FEV1% predicted and

FEV1/FVC compared with the group with a positive bron-

chodilator response at 60 min, and those without broncho-

dilator reversibility (Fig. 1). Post-bronchodilator FEV1%

predicted and FEV1/FVC followed the same pattern. Those

with positive bronchodilator responses at 30 min had signif-

icantly lower Asthma Control Test scores compared with

only the methacholine challenge test group.

Results of multivariable modeling indicated that FEV1%

predicted at baseline and the Asthma Control Test score

were the only significant predictors of late or no bronchodi-

lator response (Table 3). An increase in baseline FEV1%

predicted was associated with an increase in the odds of

late or no bronchodilator response compared with response
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at 30 min (adjusted odds ratio [aOR] 1.07, 95% CI 1.05–

1.09). Further, a higher Asthma Control Test score was

associated with an increase in the odds of late to no bron-

chodilator response compared with a response at 30 min

(aOR 1.13, 95% CI 1.02–1.25). Wheezing or coughing after

exercise was significant at exactly P ¼ .050; those who

endorsed this criterion had twice the odds of late to no bron-

chodilator response compared with a response at 30 min

(aOR 2.35, 95% CI 1.00–5.54). No other variables were

significant predictors of late to no bronchodilator response.

Discussion

Our study found that 23.6% of the older adults with sus-

pected asthma and positive bronchodilator response did not

have a response within 30 min of short-acting b -agonist

administration but did demonstrate a bronchodilator re-

sponse when the post-bronchodilator spirometry was

obtained 60 min after the medication administration. This

group with the late response to bronchodilator use com-

prised 15% of all older adults with confirmed asthma in our

study. This finding has important implications for practice

because demonstration of variable expiratory air-flow

obstruction is a defining feature of asthma. As per the cur-

rent guideline, the absence of positive reversibility in an

individual with suspected asthma should prompt further

investigation with tests that take longer or may not be avail-

able, such as twice-daily peak expiratory flow monitoring,

exercise challenge test, or a bronchial challenge test.6

Those with higher baseline FEV1% predicted, higher

Asthma Control Test score, and wheezing or coughing after

exercise were more likely to either have a late response to

bronchodilator or no response to bronchodilator.

Why some patients have a delayed response to b -adre-

nergic agonist is not clear, but a few potential explanations

can be raised. First, there are data that show that poly-

Table 1. Demographic Characteristics of Older Adults With Asthma and Stratified by Time of BDR: Categorical Variables

Categorical Variable
BDR at 30 Min, n
(valid %) (n ¼ 81)

BDR at 60 Min, n
(valid %) (n ¼ 25)

No BDR (positive

MCT results), n
(valid %) (n ¼ 59)

Total, n (%)

(N ¼ 165)
P

Sex .74

Females 57 (70.4) 18 (72.0) 45 (76.3) 120 (72.7)

Males 24 (29.6) 7 (28.0) 14 (23.7) 45 (27.3)

Race .46

White 61 (75.3) 18 (72.0) 47 (79.7) 126 (76.4)

Black 16 (19.8) 4 (16.0) 10 (16.9) 30 (18.2)

American Indian or Alaskan native 3 (3.7) 3 (12.0) 1 (1.7) 7 (4.2)

Asian 0 0 1 (1.7) 1 (0.6)

Mixed race 1 (1.2) 0 0 1 (0.6)

Education .46

High school or less 19 (23.5) 3 (12.0) 12 (20.3) 34 (20.6)

Some college or college graduate 62 (76.5) 22 (88.0) 47 (79.7) 131 (79.4)

Employment .02

Employed for wages 16 (19.8) 8 (32.0) 25 (42.4) 49 (29.7)

Retired or unemployed 65 (80.2) 17 (68.0) 34 (57.6) 116 (70.3)

Asthma symptoms (yes)

Had an asthma attack or recurrent wheezing 72 (88.9) 21 (84.0) 49 (83.1) 142 (86.1) .58

Troublesome cough at night 45 (55.6) 18 (72.0) 34 (57.6) 97 (58.8) .34

Wheeze or cough after exercise 58 (71.6) 19 (76.0) 43 (72.9) 120 (72.7) .91

Wheeze, cough, chest tightness after exposure to airborne

allergens and/or pollutants (n ¼ 164)

75 (92.6) 23 (95.8) 55 (93.2) 153 (93.3) .86

Colds “go to chest” and/or take >10 d to clear up 59 (72.8) 20 (80.0) 41 (69.5) 120 (72.7) .61

Symptoms improve with asthma treatment 77 (95.1) 24 (96.0) 56 (94.9) 157 (95.2) .98

Atopy (n ¼ 164) .42

Not atopic (negative SPT results and sIgEs # 0.35 kU/L) 14 (17.3) 7 (28.0) 14 (24.1) 35 (21.3)

Atopic (any positive SPT result and/or any sIgE > 0.35

kU/L Categorical variable)

67 (82.7) 18 (72.0) 44 (75.9) 129 (78.7)

BDR ¼ bronchodilator reversibility

MCT ¼ methacholine challenge test

SPT ¼ skin-prick test

sIgE ¼ specific immunoglobulin E

Valid % ¼ percent excluding missing values
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morphisms in the gene encoding the b -2 adrenergic recep-

tor, which belongs to the G protein-coupled receptor fam-

ily, could influence the airway response to inhaled

b -adrenergic medication.19-21 Conceivably, such polymor-

phisms may also determine the timing of the peak broncho-

dilator response. Second, aging could have a physiologic

impact on the bronchodilator response pattern. Experi-

mental and human studies have shown a decreased effect of

b -adrenergic agonist with increasing age.22,23 Possible

mechanisms include a reduction in both adenylate cyclase

activity and of the b -adrenergic receptor affinity.23 For

example, in cardiac tissue, the density of b -receptors

decreases with aging.24 Third, other patient-related mecha-

nisms could affect the pharmacokinetics of inhaled b -adre-

nergic agonist. For instance, Cazzola et al 25 considered that

gastrointestinal absorption of a swallowed drug could

explain the second peak plasma concentration that has been

observed in individuals who inhale salmeterol. Fourth,

altered pharmacokinetics of concomitant medications in the

elderly may alter the b -agonist effects of albuterol or alter

the b receptor sensitivity and number as observed with

concurrent corticosteroid use.26-30 Fifth, it is very difficult

to determine individual b receptor up- or downregulation

status in patients with asthma because of varying degrees of

exposure to various inhaled bronchodilators, theophylline,

and other sympathomimetic agents as well as variable

genetic polymorphisms.30-33

The methodology for bronchodilator responsiveness

assessment has been fraught with heterogeneity. Several

different bronchodilators have been used. Earlier studies

used drugs such as terbutaline, isoetarine, isoproterenol,

and metaproterenol.34-37 More-recent studies used albuterol

Table 2. Demographic Characteristics of Older Adults With Asthma and Stratified by Time of BDR: Continuous Variables

Continuous Variable BDR at 30 Min BDR at 60 Min
No BDR (positive MCT

results)
Total P

Pulmonary function test

Baseline

FEV1 % predicted 67.16 19.2 (32.0, 136.0)a 83.4 6 22.9 (43.0, 139.0)b 93.1 6 14.4 (69.0, 132.0)b 78.9 6 21.8 <.001

FVC % predicted 75.26 16.6 (42.0, 126.0)a 83.5 6 19.0 (48.0, 127.0) 91.6 6 12.8 (73.0, 123.0)b 82.3 6 17.4 <.001

FEV1/FVC 0.676 0.11 (0.40, 0.92)a 0.75 6 0.07 (0.62, 0.89)b 0.77 6 0.06 (0.64, 0.90)b 0.72 6.10 <.001

30-min after bronchodilator use

FEV1 % predicted 81.06 20.3 (42.0, 149.0)a 89.0 6 24.7 (48.0, 146.0) 93.2 6 14.3 (63.0, 123.0)b 86.6 6 19.9 .001

FVC % predicted 86.56 18.9 (54.0, 170.0) 85.0 6 20.1 (48.0, 127.0) 89.7 6 12.7 (60.0, 121.0) 87.4 6 17.1 .41

FEV1/FVC 0.716 0.10 (0.38, 0.90)a 0.79 6 0.07 (0.65, 0.91)b 0.79 6 0.06 (0.61, 0.91)b 0.75 6 0.09 <.001

60-min after bronchodilator use

FEV1 % predicted (n ¼ 83) 91.5 6 20.2 (48.0, 121.0) 96.7 6 13.9 (69.0, 126.0) 95.2 6 16.1 .17

FVC % predicted (n ¼ 83) 87.7 6 17.3 (51.0, 115.0) 92.9 6 12.6 (70.0, 126.0) 91.3 6 14.3 .13

FEV1/FVC (n ¼ 83) 0.79 6 0.05 (0.70, 0.90) 0.79 6 0.06 (0.65, 0.91) 0.79 6 0.06 .74

FEV1 % change from baseline at

30 min

22.56 11.7 (12.0, 57.0)a 6.1 6 4.3 (–8.0, 11.0)b 2.1 6 4.3 (–11.0, 10.0)b 12.7 6 13.1 <.001

FEV1 % change from baseline at

60 min (n ¼ 83)

18.6 6 20.2 (12.0, 114.0) 3.9 6 4.1 (–9.0, 11.0) 8.3 6 13.3 <.001

Asthma Control Test 17.26 4.6 (7.0, 25.0)a 18.2 6 4.1 (9.0, 24.0) 19.2 6 3.7 (10.0, 25.0) b 18.1 6 4.3 .032

Age, y 68.46 6.7 (60.4, 89.2) 67.6 6 4.1 (60.2, 75.4) 67.5 6 5.6 (60.1, 79.5) 68.0 6 6.0 .63

Age asthma diagnosed, y 37.46 25.4 (0.1, 76.0) 44.6 6 19.3 (3.0, 71.0) 43.7 6 22.6 (0.1, 78.0) 40.7 6 23.7 .21

Body mass index, kg/m2 32.36 8.0 (16.7, 57.8) 34.5 6 7.7 (22.3, 53.0) 32.5 6 8.2 (20.6, 72.2) 32.7 6 8.0 .48

Vitamin D (serum 25 hydroxyvitamin

D, ng/mL) (n ¼ 161)

31.96 16.2(8.0, 112.0) 37.1 6 23.4 (11.0, 124.0) 35.5 6 13.0 (11.0, 84.0) 34.0 6 16.5 .26

No. pack-years smoked 1.9 6 3.8 (0.0, 17.1) 2.8 6 5.5 (0.0, 17.5) 2.8 6 5.7 (0.0, 20.0) 2.3 6 4.8 .50

Total no. self-reported comorbidities 4.7 6 2.6 (0, 12)b 6.3 6 4.7 (1, 24)a 4.6 6 2.2 (0, 12)b 4.9 6 3.0 .036

Total no. medications (prescribed and

over the counter)

10.86 5.1 (2, 24) 13.5 6 5.8 (2, 24) 11.3 6 4.6 (2, 20) 11.4 6 5.1 .069

FENO, ppb (n ¼ 159) 32.16 35.0 (5, 245) 27.0 6 20.1 (7, 90) 22.4 6 15.4 (5, 82) 27.8 6 27.5 .12

Total IgE, kU/L 257.2 6 457.7 (2.3, 2534) 208.3 6 273.2 (2.8, 931) 111.9 6 158.9 (2, 897) 197.9 6 356.1 .059

Data are mean6 SD (minimum, maximum).
adiffers significantly from b

BDR ¼ bronchodilator reversibility

MCT ¼ methacholine challenge test

FENO ¼ fractional exhaled nitric oxide level

IgE ¼ immunoglobulin E
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and levalbuterol.38-40 The dose of bronchodilator has varied

even within individual studies. The dose response of vari-

ous bronchodilators is unique to the individual compound,

and each has special pharmacokinetic considerations in

older adults, which makes the 15-min reversibility standard

difficult to interpret.31,41,42 Nebulizers have been used in

some studies, whereas pressurized metered-dose inhalers

have been used in other studies. The definition of a positive

bronchodilator response also varies. Some studies have

used percent change from the predicted value, whereas

others have used percent change from baseline.36,37 All of

these sources of heterogeneity in the literature were recog-

nized in the ATS/ERS document for standardization of

lung function testing.7 Studies that followed the ATS/ERS

document7 provided further insight into the bronchodilator

reversibility criteria. For instance, Hansen et al43 showed

that using the statistical test of the individual variability of

spirometric measurements leads to more identification of

bronchodilator response compared with the ATS/ERS crite-

ria. A large population-based study confirmed that the 95th

0
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Fig. 1. FEV1 % predicted change at 30 min after bronchodilator for the subjects with a positive bronchodilator response at 30 min (n ¼ 81), at
60 min (n¼ 25), and those with a no bronchodilator response by 60min with a positive methacholine challenge test (MCT) (n¼ 59).

Table 3. Proportional Odds Model of Late (60 min) BDR to No BDR (Positive MCT Results) Compared With Positive 30-min BDR

Parameter aOR (95% CI) P

Baseline FEV1% predicted 1.07 (1.05–1.09) <.001

Asthma Control Test total 1.13 (1.02–1.25) .02

Atopy (atopic vs not atopic) 1.36 (0.56–3.32) .50

Age 0.96 (0.90–1.03) .30

Age at diagnosis 1.01 (0.99–1.03) .34

Pack-years smoked 1.03 (0.96–1.11) .44

Fractional exhaled nitric oxide level 0.99 (0.97–1.00) .09

Total no. medications 1.05 (0.97–1.13) .28

No. comorbidities 1.02 (0.89–1.16) .82

Had an asthma attack or recurrent wheezing (yes vs no) 0.97 (0.34–2.81) .96

Troublesome cough at night (yes vs no) 1.05 (0.47–2.31) .91

Wheeze and/or cough after exercise (yes vs no) 2.35 (1.00–5.54) .050

Wheezing, cough, chest tightness after exposure to airborne allergens and/or

pollutants (yes vs no)

1.82 (0.42–7.93) .43

Colds “go to chest” and/or take >10 d to clear up (yes vs no) 1.17 (0.50–2.75) .72

BDR ¼ bronchodilator reversibility

MCT ¼ methacholine challenge test

aOR ¼ adjusted odds ratio
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percentile for percent change in FEV1 relative to the initial

value is indeed 12% for healthy never-smokers. The 95th

percentile for the absolute change in the FEV1 relative to

the initial value was 284 mL.44 The timing of post-broncho-

dilator assessment has not been as scrutinized and seems a

less-contentious topic, as seen in the literature.

We recognize limitations in our study. It was conducted

in a single academic center, which decreases its external va-

lidity. To be considered for the study, the subjects had to

have a physician diagnosis of asthma, which may not be

representative of what most clinicians would encounter in

their practice, especially in primary care settings. It is possi-

ble that, in some subjects, an improvement in the post-bron-

chodilator spirometry represented normal within-subject

variability. In the future, further investigation to better char-

acterize those with a late response to short-acting broncho-

dilator use is warranted. For instance, it would be important

to establish whether those patients with a late response

have a different asthma phenotype and whether they tend to

clinically respond to asthma treatments differently. In addi-

tion, it is unclear whether younger adults with asthma also

have a late response, and further studies are needed to char-

acterize their responsiveness to bronchodilation. The first

assessment of bronchodilator response in our study was at

30 min. Previous expert statements have suggested assess-

ing the bronchodilator response at 15 min.6,7 Also, it would

be important to characterize the peak pharmacodynamics

effects of different short-acting bronchodilators because

they may vary.

Conclusions

Our study showed that a late positive response to bron-

chodilator use was common in older adults with suspected

asthma. Those with a higher baseline FEV1% predicted,

higher Asthma Control Test score, and wheezing or cough-

ing after exercise were less likely to have a positive bron-

chodilator response at 30 min. However, no single risk

factor can definitely predict those with a late response. For

that reason, pulmonary function test laboratories should

consider routinely reassessing spirometry at 60 min after

bronchodilator if the earlier assessment did not reveal a sig-

nificant bronchodilator response.

ACKNOWLEDGMENT

The authors thank Ms Diane Endicott for her work in recruitment and

data collection for this study.

REFERENCES

1. Centers for Disease Control and Prevention. Most recent asthma data:

national current asthma prevalence, 2017. Available at: https://www.

cdc.gov/asthma/most_recent_data.htm. Accessed October 13, 2019.

2. Akinbami LJ, Moorman JE, Bailey C, Zahran HS, King M, Johnson

CA, Liu X. Trends in asthma prevalence, health care use, and mor-

tality in the United States, 2001–2010. NCHS Data Brief 2012;

(94):1-8.

3. Mathur SK. Allergy and asthma in the elderly. Semin Respir Crit Care

Med 2010;31(5):587-595.

4. Gonzalez-Garcia M, Caballero A, Jaramillo C, Maldonado D, Torres-

Duque CA. Prevalence, risk factors and underdiagnosis of asthma and

wheezing in adults 40 years and older: a population-based study. J

Asthma 2015;52(8):823-830.

5. Cavallazzi R, Jorayeva A, Beatty BL, Antimisiaris D, Gopalraj R,

Myers J, et al. Predicting asthma in older adults on the basis of clinical

history. Respir Med 2018;142:36-40.

6. Global Initiative for Asthma. 2018 GINA Report, Global Strategy for

Asthma Management and Prevention. Available at: http://www.

ginasthma.org. Accessed October 12, 2019.

7. Pellegrino R, Viegi G, Brusasco V, Crapo R, Burgos F, Casaburi R,

et al. Interpretative strategies for lung function tests. Eur Respir J

2005;26(5):948-968.

8. Institute of Medicine (US). Committee on Pharmacokinetics and

Drug Interactions in the Elderly. Pharmacokinetics and Drug

Interactions in the Elderly and Special Issues in Elderly African-

American Populations: Workshop Summary. Washington, DC:

National Academies Press; 1997.

9. Sharma G, Goodwin J. Effect of aging on respiratory system physiol-

ogy and immunology. Clin Interv Aging 2006;1(3):253-260.

10. Coffman KE, Boeker MG, Carlson AR, Johnson BD. Age-dependent

effects of thoracic and capillary blood volume distribution on pulmo-

nary artery pressure and lung diffusing capacity. Physiol Rep 2018;6

(17):e13834. doi:10.14814/phy2.13834.

11. Fujii S, Hara H, Araya J, Takasaka N, Kojima J, Ito S, et al.

Insufficient autophagy promotes bronchial epithelial cell senescence

in chronic obstructive pulmonary disease. Oncoimmunology 2012;1

(5):630-641.

12. Burton DG, Faragher RG. Obesity and type-2 diabetes as inducers of

premature cellular senescence and ageing. Biogerontology 2018;19

(6):447-459.

13. Burton DG, Krizhanovsky V. Physiological and pathological conse-

quences of cellular senescence. Cell Mol Life Sci 2014;71(22):4373-

4386.

14. Folz R, Gopalraj R, Beatty B, Jorayeva A, Myers J, Polivka BJ.

Current practice of bronchodilator reversibility measurement underes-

timates asthma in the older adult. A32. Asthma and Allergy Clinical

Studies. American Thoracic Society 2017; A1329-A1329.

15. Polivka BJ, Folz R, Myers J, Barnett R, Antimisiaris D, Jorayeva A,

Beatty B. Identifying phenotypes and factors impacting outcomes in

older adults with asthma: a research protocol and recruitment results.

Res Nurs Health 2018;41(4):336-345.

16. Hankinson JL, Odencrantz JR, Fedan KB. Spirometric reference val-

ues from a sample of the general US population. Am J Respir Crit

Care Med 1999;159(1):179-187.

17. Schatz M, Mosen DM, Kosinski M, Vollmer WM, Magid DJ,

O’Connor E, Zeiger RS. Validity of the Asthma Control TestTM com-

pleted at home. Am J Manag Care 2007;13(12):661-667.

18. Schatz M, Sorkness CA, Li JT, Marcus P, Murray JJ, Nathan RA,

et al. Asthma Control Test: reliability, validity, and responsiveness in

patients not previously followed by asthma specialists. J Allergy Clin

Immunol 2006;117(3):549-556.

19. Israel E, Drazen JM, Liggett SB, Boushey HA, Cherniack RM,

Chinchilli VM, et al. The effect of polymorphisms of the beta (2)-adre-

nergic receptor on the response to regular use of albuterol in asthma.

Am J Respir Crit Care Med 2000;162(1):75-80.

20. Wechsler ME, Kunselman SJ, Chinchilli VM, Bleecker E, Boushey

HA, Calhoun WJ, et al; National Heart, Lung and Blood Institute’s

BRONCHODILATOR RESPONSIVENESS IN OLDER ADULTS

RESPIRATORY CARE � � � VOL � NO � 7

RESPIRATORY CARE Paper in Press. Published on February 18, 2020 as DOI: 10.4187/respcare.06810

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE

https://www.cdc.gov/asthma/most_recent_data.htm
https://www.cdc.gov/asthma/most_recent_data.htm
http://www.ginasthma.org
http://www.ginasthma.org


Asthma Clinical Research Network. Effect of beta2-adrenergic recep-

tor polymorphism on response to longacting beta2 agonist in asthma

(LARGE trial): a genotype-stratified, randomised, placebo-controlled,

crossover trial. Lancet 2009;374(9703):1754-1764.

21. Lima JJ, Blake KV, Tantisira KG, Weiss ST. Pharmacogenetics of

asthma. Curr Opin PulmMed 2009;15(1):57-62.

22. Cleaveland CR, Rangno RE, Shand DG. A standardized isoproterenol

sensitivity test. The effects of sinus arrhythmia, atropine, and propran-

olol. Arch Intern Med 1972;130(1):47-52.

23. Scarpace PJ, Abrass IB. Decreased beta-adrenergic agonist affinity

and adenylate cyclase activity in senescent rat lung. J Gerontol

1983;38(2):143-147.

24. White M, Roden R, Minobe W, Khan MF, Larrabee P, Wollmering

M, et al. Age-related changes in beta-adrenergic neuroeffector systems

in the human heart. Circulation 1994;90(3):1225-1238.

25. Cazzola M, Testi R, Matera MG. Clinical pharmacokinetics of salme-

terol. Clin Pharmacokinet 2002;41(1):19-30.

26. Hancox RJ. Interactions between corticosteroids and beta2-agonists.

Clin Rev Allergy Immunol 2006;31(2-3):231-246.

27. Hancox RJ, Taylor DR. Long-acting b -agonist treatment in patients

with persistent asthma already receiving inhaled corticosteroids.

BioDrugs 2001;15(1):11-24.

28. Kuipers E, Wensing M, De Smet PAGM, Teichert M. Considerations

of prescribers and pharmacists for the use of non-selective b -blockers

in asthma and COPD patients: an explorative study. J Eval Clin Pract

2018;24(2):396-402.

29. Morales DR, Jackson C, Lipworth BJ, Donnan PT, Guthrie B.

Adverse respiratory effect of acute b -blocker exposure in asthma: a

systematic review and meta-analysis of randomized controlled trials.

Chest 2014;145(4):779-786.

30. Taylor DR, Hancox RJ. Interactions between corticosteroids and beta

agonists. Thorax 2000;55(7):595-602.

31. Lin CS, Hurwitz L, Jenne J, Avner BP. Mechanism of isoproterenol-

induced desensitization of tracheal smooth muscle. J Pharmacol Exp

Ther 1977;203(1):12-22.

32. Lotvall J. The long and short of beta2-agonists. Pulm Pharmacol Ther

2002;15(6):497-501.

33. Morales DR. LABA monotherapy in asthma: an avoidable problem.

Br J Gen Pract 2013;63(617):627-628.

34. Watanabe S, Renzetti ADJr, Begin R, Bigler AH. Airway responsive-

ness to a bronchodilator aerosol: I. Normal human subjects. Am Rev

Respir Dis 1974;109(5):530-537.

35. Anthonisen N, Wright EC. Bronchodilator response in chronic ob-

structive pulmonary disease. Am Rev Respir Dis 1986;133(5):814-

819.

36. Dales RE, Spitzer WO, Tousignant P, Schechter M, Suissa S. Clinical

interpretation of airway response to a bronchodilator. Epidemiologic

considerations. Am Rev Respir Dis 1988;138(2):317-320.

37. Sourk RL, Nugent KM. Bronchodilator testing: confidence intervals

derived from placebo inhalations. Am Rev Respir Dis 1983;128

(1):153-157.

38. Schissler AJ, Celli BR. Prevalence of paradoxical bronchoconstriction

after inhaled albuterol. Respir Med 2018;141:100-102.

39. Fishwick D, Bradshaw L, Macdonald C, Beasley R, Gash D,

Bengtsson T, et al. Cumulative and single-dose design to assess the

bronchodilator effects of b 2-agonists in individuals with asthma. Am

J Respir Crit Care Med 2001;163(2):474-477.

40. Castro M, Corren J, Pavord ID, Maspero J, Wenzel S, Rabe KF, et al.

Dupilumab efficacy and safety in moderate-to-severe uncontrolled

asthma. N Engl J Med 2018;378(26):2486-2496.

41. Fick DM, Cooper JW, Wade WE, Waller JL, Maclean JR, Beers MH.

Updating the Beers criteria for potentially inappropriate medication

use in older adults: results of a US consensus panel of experts. Arch

Intern Med 2003;163(22):2716-2724.

42. Spector SL, Gomez MG. Dose-response effects of albuterol aerosol

compared with isoproterenol and placebo aerosols: response to albu-

terol, isoproterenol, and placebo aerosols. J Allergy Clin Immunol

1977;59(4):280-286.

43. Hansen JE, Sun XG, Adame D,Wasserman K. Argument for changing

criteria for bronchodilator responsiveness. Respir Med 2008;102

(12):1777-1783.

44. Tan WC, Vollmer WM, Lamprecht B, Mannino DM, Jithoo A,

Nizankowska-Mogilnicka E, et al; BOLD Collaborative Research

Group. Worldwide patterns of bronchodilator responsiveness: results

from the Burden of Obstructive Lung Disease study. Thorax 2012;67

(8):718-726.

BRONCHODILATOR RESPONSIVENESS IN OLDER ADULTS

8 RESPIRATORY CARE � � � VOL � NO �

RESPIRATORY CARE Paper in Press. Published on February 18, 2020 as DOI: 10.4187/respcare.06810

Copyright (C) 2020 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE




