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Abstract

Objectives—To evaluate whether a novel definition of spirometric respiratory impairment 

(Global Lung Initiative [GLI]) is strongly associated with respiratory symptoms and, in turn, 

frequently establishes symptomatic respiratory disease.

Design—Cross-sectional.

Setting—Third National Health and Nutrition Examination Survey.

Participants—Community-dwelling, ages 40-80 (N=7,115).

Measurements—GLI-defined spirometric respiratory impairment (airflow-obstruction and 

restrictive-pattern), dyspnea on exertion (DOE), chronic bronchitis (CB), and wheezing.

Results—Among participants aged 40-80, prevalence rates were 12.7% and 6.2% for airflow-

obstruction and restrictive-pattern and 28.6%, 12.6%, and 12.9% for DOE, CB, and wheezing, 

respectively. Relative to normal spirometry, airflow-obstruction was associated with DOE, CB, 

and wheezing—adjusted odds ratios (adjORs): 1.69 (1.42, 2.02), 1.92 (1.62, 2.29), and 2.50 (2.08, 

3.00), respectively. Similarly, restrictive-pattern was associated with DOE, CB, and wheezing—

adjORs: 1.75 (1.36, 2.25), 1.39 (1.08, 1.78) and 1.53 (1.15, 2.04), respectively. Among 

participants who had airflow-obstruction and restrictive-pattern, however, only a minority had 

DOE (38.6% and 45.5%), CB (23.3% and 15.9%), and wheezing (24.4% and 19.1%), respectively, 

yielding a positive predictive value (PPV) of 53% for any respiratory symptom in the setting of 

any spirometric respiratory impairment. In addition, most participants who had DOE, CB, and 

wheezing did not have airflow-obstruction or restrictive-pattern (73.0%, 67.8%, and 66.8%, 

respectively), yielding a PPV of 26% for any spirometric respiratory impairment in the setting of 

any respiratory symptom. The results differed only modestly when stratified by the age groups of 

40-64 and 65-80.
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Conclusion—GLI-defined spirometric respiratory impairment increased the likelihood of 

respiratory symptoms relative to normal spirometry, but was nonetheless a poor predictor of 

respiratory symptoms. Similarly, respiratory symptoms were poor predictors of GLI-defined 

spirometric respiratory impairment. Hence, a comprehensive assessment is needed when 

evaluating respiratory symptoms, even in the presence of a spirometric respiratory impairment.
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Introduction

Respiratory symptoms are prevalent in aging populations and are associated with adverse 

outcomes. Dyspnea, for example, is reported in a quarter to one-third of adults, occurs most 

often on exertion (DOE), and is associated with increased disability and risk of death.1-7 

Chronic bronchitis (CB) has a prevalence range of 5%-25% in adults and is associated with 

reductions in lung function, limitations in physical activity, and exacerbations of chronic 

obstructive pulmonary disease (COPD).7-10 Wheezing has a prevalence range of 5%-16% in 

adults and is associated with limitations in physical activity.11,12

The occurrence of respiratory symptoms often prompts an evaluation of respiratory 

disease.13-15 Because pathological confirmation is invasive and not routinely available, 

respiratory disease is frequently established spirometrically as airflow-obstruction or 

restrictive-pattern, collectively referred to as spirometric respiratory impairment.13,16 

Airflow-obstruction includes diseases such as asthma and COPD, whereas restrictive-pattern 

includes diseases that involve the chest wall, respiratory muscles, pleura, or lung 

parenchyma.13 Importantly, to establish disease in aging populations, the spirometric 

thresholds that define respiratory impairment must account for reductions in lung function 

that are due to normal aging, as well as account for age-related increases in the variability of 

spirometric performance.17,18

The diagnostic thresholds that define spirometric respiratory impairment are often based on 

the Global Initiative for Obstructive Lung Disease (GOLD),14,19,20 but these do not 

adequately account for age-related changes.13,17,18 Because normal aging impairs 

respiratory mechanics, the GOLD threshold of <0.70 for the spirometric ratio of forced 

expiratory volume in 1-second (FEV1) to forced vital capacity (FVC) frequently 

misclassifies normal spirometry as airflow-obstruction in otherwise asymptomatic never-

smokers (starting at age 45-50).13,17,18 Moreover, because normal aging leads to increased 

variability in spirometric performance (starting at age 40),17 the GOLD threshold of 80% 

predicted for FVC, a criterion for establishing restrictive-pattern, incorrectly assumes 

equivalence to the lower limit of normal across the adult lifespan.21

As a result, a novel spirometric method has been proposed, termed Lambda-Mu-Sigma 

(LMS).17 The LMS method calculates spirometric Z-scores that incorporate the median 

(Mu)—representing how spirometric measures change based on predictor variables (age, 

height, sex, and ethnicity); the coefficient-of-variation (Sigma)—representing the spread of 

reference values; and skewness (Lambda)—representing departure from normality.17 A Z-
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score of -1.64 defines the lower limit of normal as the 5th percentile of the distribution.17 

Notably, using data from large populations of asymptomatic lifelong never-smokers, the 

Global Lung Initiative (GLI) has published equations that expand the availability of LMS-

calculated Z-scores, across multiple ethnicities and for ages up to 95 years.18

With advancing age, as the prevalence of multimorbidity and polypharmacy increases, it is 

possible that respiratory symptoms may be attributed incorrectly to misidentified respiratory 

disease.22-26 Since GLI-defined spirometric respiratory impairment rigorously identifies 

reduced lung function beyond that which is caused by normal aging,17,18 we postulated that 

it would be strongly associated with respiratory symptoms and, in turn, frequently establish 

symptomatic respiratory disease. In a large national sample of adults aged 40-80,27 we 

therefore evaluated GLI-defined airflow-obstruction and restrictive-pattern, including 

prevalence rates and associations with DOE, CB, and wheezing. For each of these 

symptoms, we also calculated prevalence rates for GLI-defined airflow-obstruction and 

restrictive-pattern as a secondary aim.

Methods

Study Population

The Third National Health and Nutrition Examination Survey (NHANES III) is a national 

probability sample of Americans aged 8-80, assembled in 1988-1994.27 Our NHANES III 

analytical sample included participants aged 40-80 who, at baseline, had no self-reported 

asthma and had completed at least two American Thoracic Society (ATS) acceptable 

spirometric maneuvers.16,27-29 We selected age ≥40 as defining of an aging population 

because age-related changes in lung function and the occurrence of respiratory disease and 

its associated adverse health outcomes are more prevalent starting at age 40.9,13-18 We 

excluded participants who had self-reported asthma to focus on COPD as the cause of 

airflow-obstruction. Our final analytical sample included 7,115 participants.

The institutional review boards from the Veterans Affairs Connecticut Healthcare System 

and Yale University approved the study, granting exemption from participant consent 

because it involved de-identified data that were publicly available.

Clinical Measures

NHANES III recorded respiratory symptoms at the baseline visit, including DOE, CB, and 

wheezing.20 DOE was established if the participant responded “yes” to “Are you troubled by 

shortness of breath when hurrying on level ground or walking up a slight hill”. CB was 

established if the participant responded “yes” to either “Do you usually cough on most days 

for 3 consecutive months or more during the year?” or “Do you usually bring up phlegm on 

most days for 3 consecutive months or more during the year?” Wheezing was established if 

the participant responded “yes” to “Have you had wheezing or whistling in your chest at any 

time in the past 12 months?”

Other clinical data included age, sex, body mass index (BMI), ethnicity, smoking status, 

chronic conditions, health status, and assessment of cardiovascular (CV) risk. Ethnicity was 

based on self-report and included White, African-American, and Mexican-American. 
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Reduced health status was defined as a self-reported rating of fair-to-poor. Chronic 

conditions included self-reported, physician-diagnosed hypertension, diabetes, COPD, 

myocardial infarction, heart failure, and stroke. Smoking history was defined as ≥10 pack-

years of cigarette consumption. Participants were classified at high risk for having 

respiratory symptoms due to CV disease if they had a history of hypertension, diabetes, 

stroke, myocardial infarction, or heart failure or if they had a BMI ≥30.30,31 (Because 

spirometric measures in healthy, obese adults are typically within the normal range,32 a high 

BMI is more likely to be a risk factor for CV disease31 than for reduced spirometric lung 

function).

Spirometry

At the baseline visit, participants performed the spirometric maneuver using ATS 

protocols.16,27-29 The measures of interest included forced vital capacity (FVC), forced 

expiratory volume in 1 second (FEV1), and FEV1/FVC. The respiratory status of each 

participant was then categorized as normal spirometry (normal FEV1/FVC and FVC) or 

respiratory impairment, including airflow-obstruction (reduced FEV1/FVC) or restrictive-

pattern (normal FEV1/FVC but reduced FVC), based on spirometric Z-scores.16

The spirometric Z-scores were calculated by the LMS method:17 [(measured ÷ predicted 

median)Lambda minus 1] ÷ (Lambda × Sigma), with predicted values derived from the GLI 

equations.18 A Z-score of -1.64 defined the lower limit of normal as the 5th percentile of 

distribution (GLI-LLN5).18 Using GLI-LLN5 as the diagnostic threshold, normal spirometry 

was defined by FEV1/FVC and FVC both ≥GLI-LLN5, airflow-obstruction by FEV1/

FVC<GLI-LLN5, and restrictive-pattern by FEV1/FVC≥GLI-LLN5 but FVC<GLI-LLN5.30

Statistical Analysis

The primary analysis focused on participants aged 40-80 for two reasons. First, respiratory 

aging occurs along a continuum from middle age to old age.13,17,18 Second, the entire 

sample was needed to provide adequate power to test our hypotheses. Nonetheless, our 

analyses were subsequently rerun among participants aged 40-64 and 65-80, respectively.

First, the baseline characteristics of the study sample, including spirometric categories and 

respiratory symptoms, were summarized as means and standard deviations or as counts and 

percentages. Next, using logistic regression models that were adjusted for age, height, sex, 

ethnicity, smoking history, high cardiovascular risk, and fair-to-poor health status, odds 

ratios with 95% confidence intervals (95%CIs) were calculated as measures of the 

association of GLI-defined airflow-obstruction and restrictive-pattern with DOE, CB, and 

wheezing, respectively.

The prevalence rates for GLI-defined spirometric categories were also calculated for each of 

the respiratory symptoms. The latter included DOE, CB, and wheezing, while the 

spirometric categories included normal spirometry, airflow-obstruction, and restrictive-

pattern.

Lastly, across the age group of 40-80, the positive predictive value (PPV) and negative 

predictive value (NPV) were calculated for GLI-defined spirometric respiratory impairment 
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having respiratory symptoms and for respiratory symptoms having GLI-defined spirometric 

respiratory impairment. In this analysis, composite measures were used for spirometric 

respiratory impairment, including airflow-obstruction or restrictive-pattern, and for 

respiratory symptoms, including DOE, CB, or wheezing.

All statistical analyses were performed using SAS v9.3 (SAS Institute; Cary, NC) and 

included complete case analyses as the amount of missing data in the analytical sample was 

minimal (<5%).

Results

Table 1 summarizes the baseline characteristics. Among participants aged 40-80, 51.2% 

were female, 49.3% were white, 26.1% were African-American, and 24.6% were Mexican-

American. Their mean BMI was 27.9 kg/m2 and 37.4% reported a smoking history. Their 

chronic conditions included hypertension (37.6%), diabetes mellitus (12.1%), COPD (6.7%), 

myocardial infarction (6.3%), heart failure (4.5%), and stroke (3.6%). A high CV risk was 

established in 58.2% of participants, while fair-to-poor health status was reported by 28.3%. 

Their prevalence of GLI-defined airflow-obstruction and restrictive-pattern were 12.7% and 

6.2%, whereas their prevalence of DOE, CB, and wheezing were 28.6%, 12.6%, and 12.9%, 

respectively. As compared with participants aged 40-64, those aged 65-80 had a 

significantly greater white representation, lower BMI, and higher rates of chronic 

conditions, CV risk, fair-to-poor health status, airflow-obstruction, DOE, and CB (all p <.

001)—rates of restrictive-pattern and wheezing were otherwise similar.

Table 2 shows frequency distributions and the adjusted odds ratios (adjORs) for DOE, 

according to GLI-defined spirometric category. Among all participants, prevalence rates for 

DOE were 25.8% with normal spirometry, 38.6% with airflow-obstruction, and 45.5% with 

restrictive-pattern. Relative to normal spirometry, airflow-obstruction and restrictive-pattern 

were both associated with DOE—adjORs: 1.69 (1.42-2.02) and 1.74 (1.36-2.25), 

respectively. In stratified analysis, the adjORs for having DOE did not differ significantly by 

the age group of 40-64 vs. 65-80 (p values for age interaction were .713 for airflow-

obstruction and .201 for restrictive-pattern).

Table 3 shows frequency distributions and adjORs for CB, according to GLI-defined 

spirometric category. Among all participants, the prevalence rates for CB were 10.5% with 

normal spirometry, 23.3% with airflow-obstruction, and 15.9% with restrictive-pattern. 

Relative to normal spirometry, airflow-obstruction and restrictive-pattern were both 

associated with CB—adjORs: 1.92 (1.62, 2.29) and 1.39 (1.08, 1.78), respectively. In 

stratified analysis, the adjORs for having CB did not differ significantly by the age group of 

40-64 vs. 65-80 (p values for age interaction were .208 for airflow-obstruction and .290 for 

restrictive-pattern).

Table 4 shows frequency distributions and adjORs for wheezing, according to GLI-defined 

spirometric categories. Among all participants, the prevalence rates for wheezing were 

10.7% with normal spirometry, 24.4% with airflow-obstruction, and 19.1% with restrictive-

pattern. Relative to normal spirometry, airflow-obstruction and restrictive-pattern were both 
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associated with wheezing—adjORs: 2.50 (2.08, 3.00) and 1.53 (1.15, 2.04), respectively. In 

stratified analysis, the adjORs for having wheezing did not differ significantly by the age 

group of 40-64 vs. 65-80 (p values for age interaction were .822 for airflow-obstruction 

and .936 for restrictive-pattern).

Table 5 shows frequency distributions of GLI-defined spirometric categories according to 

respiratory symptoms. Among all participants, the majority of participants who had DOE, 

CB, and wheezing had normal spirometry — 73.0%, 68.4%, and 66.8%, respectively. The 

results were comparable when stratified by the age groups of 40-64 and 65-80.

Lastly, using composite measures and across the age group of 40-80, a PPV of 53% 

(699/1,322) and a NPV of 65% (3,689/5,667) was calculated for having any respiratory 

symptom in the setting of any spirometric respiratory impairment, whereas a PPV of 26% 

(699/2,677) and a NPV of 86% (3,689/4,312) was calculated for having any spirometric 

respiratory impairment in the setting of any respiratory symptom.

Discussion

In a large national sample of adults aged 40-80, we found high rates of GLI-defined 

spirometric respiratory impairment, including airflow-obstruction (12.7%) and restrictive-

pattern (6.2%), as well as high rates of respiratory symptoms, including DOE (28.6%), CB 

(12.6%), and wheezing (12.9%). In adjusted models, relative to normal spirometry, airflow-

obstruction increased significantly the odds of having DOE (69%), CB (92%), and wheezing 

(150%). Similarly, restrictive-pattern increased significantly the odds of having DOE (75%), 

CB (39%), and wheezing (53%). Despite these associations, only a minority of participants 

who had airflow-obstruction and restrictive-pattern had DOE (38.6% and 45.5%), CB 

(23.3% and 15.9%), and wheezing (24.4% and 19.1%), respectively. In addition, among 

those who had DOE, CB, and wheezing, most had normal spirometry (73.0%, 68.4%, and 

66.8%, respectively).

In stratified analysis, we found that participants aged 65-80 had significantly higher rates of 

airflow-obstruction, DOE, and CB, but similar rates of restrictive-pattern and wheezing, as 

compared with those aged 40-64. The associations of airflow-obstruction and restrictive-

pattern with each of the three respiratory symptoms were similar in the two age groups (p 

values for age interaction were not significant). Lastly, as in the entire age group, most 

middle and older aged participants who had DOE, CB, and wheezing had normal 

spirometry.

The results of our study suggest that GLI-calculated diagnostic thresholds for airflow-

obstruction and restrictive-pattern are clinically meaningful given their significant 

associations with DOE, CB, or wheezing. Our results also suggest, however, that a large 

proportion of adults who have GLI-defined airflow-obstruction or restrictive-pattern do not 

have DOE, CB, or wheezing, yielding a PPV of only 53% for having any respiratory 

symptom in the setting of any spirometric respiratory impairment. Hence, despite its 

methodological rigor, GLI-defined spirometric respiratory impairment cannot be presumed 

to represent symptomatic respiratory disease, and this is especially relevant for older 
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persons. Given their high rate of multimorbidity, a diagnostic approach that prioritizes 

symptomatic disease is indicated.22,23 Conversely, a diagnostic approach that frequently 

establishes asymptomatic disease may lead to inappropriate and potentially harmful 

pharmacotherapy, as well as delays in considering other diagnoses.13,22

Our results also suggest caution when establishing respiratory disease based on respiratory 

symptoms. For example, CB is often used in epidemiologic surveys as a surrogate indicator 

of COPD.33 In our study, however, two-thirds of participants who had CB had GLI-defined 

normal spirometry (did not have COPD). Similarly, wheezing is often attributed to airways 

disease (including COPD), but two-thirds of affected individuals had normal spirometry. 

Using composite measures, we further confirmed that respiratory symptoms were poor 

predictors of spirometric respiratory impairment. Specifically, the PPV was only 26% for 

having any spirometric respiratory impairment in the setting of any respiratory symptom.

Concerns are therefore raised regarding diagnostic algorithms that establish respiratory 

disease based on spirometric respiratory impairment and respiratory symptoms.14,16 

Additional diagnostic criteria such as disease-specific biomarkers are needed, and are the 

subject of ongoing research.34 Although clinical validation is needed, an alternative 

approach might set the LLN for the FEV1/FVC and FVC at a lower Z-score of -1.96 (2.5 

percentile), as this level of impairment is less likely to establish a false-positive diagnosis of 

respiratory disease.18 Another option is the use of FEV1, but this has limitations.16 

Although it stratifies severity of disease in established airflow-obstruction, the FEV1 cannot 

define normal spirometry (airflow-obstruction can occur with a normal FEV1), nor can it 

identify the type of impairment (obstructive vs. restrictive).13,16 Importantly, the capacity to 

establish normal spirometry has strong relevance, since it may prompt the clinician to 

consider alternative causes for the respiratory symptom(s).22

In the interim, until the above issues are resolved, clinicians should prioritize a 

comprehensive medical evaluation in individuals who have respiratory symptoms, whether 

or not they have a spirometric respiratory impairment.22 This diagnostic approach has a 

strong rationale in both middle and older age groups, given the low rates of spirometric 

respiratory impairment among those who had respiratory symptoms, and vice-versa. The 

benefits of a comprehensive evaluation are likely to be most evident in persons aged 65 or 

older and regarding the outcome of dyspnea.22,23 Older persons have a high rate of 

multimorbidity, increasing the likelihood that non-respiratory mechanisms, such as 

deconditioning, anemia, chronic kidney disease, medication-related adverse events, and 

psychiatric illness, may contribute to dyspnea.22,23 In our study, less than one-third of 

middle and older aged participants who reported DOE had a spirometric respiratory 

impairment.

Our study design has several strengths, including a diverse study population, an age-

appropriate definition of spirometric respiratory impairment, and clinically meaningful 

respiratory symptoms. We acknowledge, however, several potential limitations. First, 

because lung function like many clinical phenomena occurs along a continuum,35 

spirometric Z-scores that are just above or below the LLN may misclassify normal 

spirometry and respiratory impairment, respectively. Second, expiratory flow limitation and 
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dynamic hyperinflation may develop in response to exercise, and lead to exertional 

symptoms (dyspnea and wheezing), despite the individual having normal spirometry 

(measured at rest).36 This phenomenon, however, is most likely to occur in exercise-induced 

asthma and in older persons who are highly fit (capable of very high exercise 

workloads).13,36 Persons with self-reported asthma were excluded from our sample, and few 

older participants were likely to be highly fit given the representative nature of the 

NHANES III cohort.13,37 Third, the low prevalence of respiratory symptoms among 

participants who had GLI-defined spirometric respiratory impairment may be due to age-

related reductions in symptom awareness. Prior work has shown that, in response to 

methacholine-induced bronchoconstriction, respiratory symptoms were milder in those aged 

60-83 than those aged 20-46, despite the older group having more severe reductions in lung 

function.38 Lastly, other symptoms such as self-reported exercise intolerance may have been 

more strongly associated with spirometric respiratory impairment. To address these 

limitations, future work should evaluate diagnostic thresholds for spirometric measures that 

are lower than the recommended Z-score of -1.64, evaluate alternative symptoms related to 

exercise intolerance, and investigate whether the associations between spirometric 

respiratory impairment and respiratory symptoms are modified by asthma and level of 

physical activity.

In conclusion, among adults aged 40-80, GLI-defined spirometric respiratory impairment 

increased the likelihood of having respiratory symptoms relative to normal spirometry, but 

was nonetheless a poor predictor of respiratory symptoms. Similarly, respiratory symptoms 

were poor predictors of GLI-defined spirometric respiratory impairment. Hence, a 

comprehensive assessment is needed when evaluating respiratory symptoms, even in the 

presence of a spirometric respiratory impairment.
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Table 1
Baseline characteristics of NHANES III participants, according to age group

Characteristic Age 40-80 N=7,115 Age 40-64 N=4,632 Age 65-80 N=2,483 P Value f

Age (years), mean (SD) 58.3 (11.9) 51.1 (7.7) 71.7 (4.5) <.001

Females, No. (%) 3,645 (51.2) 2,391 (51.6) 1,254 (50.5) .370

Ethnicity, No. (%)

 White 3,506 (49.3) 2,007 (43.3) 1,499 (60.4) <.001

 African-American 1,860 (26.1) 1,343 (29.0) 517 (20.8)

 Mexican-American 1,749 (24.6) 1,282 (27.7) 467 (18.8)

BMI (kg/m2), mean (SD) 27.9 (5.6) 28.2 (5.8) 27.3 (5.2) <.001

Smoking history, No. (%) a 2,627 (37.4) 1,677 (36.6) 950 (38.9) .054

Chronic conditions, No. (%) b

 Hypertension 2,668 (37.6) 1,472 (31.9) 1,196 (48.3) <.001

 Diabetes mellitus 857 (12.1) 449 (9.7) 408 (16.4) <.001

 COPD c 478 (6.7) 264 (5.7) 214 (8.6) <.001

 Myocardial infarction 440 (6.3) 168 (3.7) 272 (11.1) <.001

 Heart Failure 321 (4.5) 116 (2.5) 205 (8.3) <.001

 Stroke 258 (3.6) 84 (1.8) 174 (7.0) <.001

High CV risk, No. (%) d 4,139 (58.2) 2,470 (53.3) 1,669 (67.2) <.001

Fair-to-poor health status, No. (%) 2,012 (28.3) 1,186 (25.6) 826 (33.3) <.001

Spirometry, No. (%) e

 Normal 5,764 (81.0) 3,828 (82.6) 1,936 (78.0) <.001

 Airflow-obstruction 905 (12.7) 523 (11.3) 382 (15.4)

 Restrictive-pattern 444 (6.2) 281 (6.1) 163 (6.6)

Respiratory symptoms, No. (%)

 Dyspnea on exertion (DOE) 2,033 (28.6) 1,187 (25.7) 846 (34.2) <.001

 Chronic bronchitis (CB) 895 (12.6) 520 (11.2) 375 (15.1) <.001

 Wheezing 916 (12.9) 608 (13.1) 308 (12.4) .390

Abbreviations: ATS, American Thoracic Society; NHANES III, Third National Health and Nutrition Examination Survey; COPD, chronic 
obstructive pulmonary disease; FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Function Initiative; 
SD, standard deviation.

a
≥ 10 pack-years.

b
Self-reported, physician-diagnosed.

c
Included chronic bronchitis or emphysema.

d
Includes the presence of any of the following: BMI ≥ 30, hypertension, diabetes, heart failure, stroke, or myocardial infarction.

e
Normal pulmonary function was defined by FEV1/FVC and FVC, both ≥GLI-LLN5; airflow-obstruction by FEV1/FVC<GLI-LLN5; and 

restrictive-pattern by FEV1/FVC≥GLI-LLN5 and FVC<GLI-LLN5.
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f
Comparisons were made between the age groups of 40-64 and 65-80, using chi-square tests for categorical variables and t-tests for continuous 

variables.
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Table 2
Prevalence rates and adjusted odds ratios for having dyspnea on exertion, according to 
spirometric category and age group

Spiometric Category a N b No. (%) of participants with dyspnea on exertion c Adjusted odds ratio (95% CI) d

Age 40-80

 Normal 5,671 1,463 (25.8) 1.00

 Airflow-obstruction 892 344 (38.6) 1.69 (1.42, 2.02)

 Restrictive-pattern 433 197 (45.5) 1.75 (1.36, 2.25)

Age 40-64

 Normal 3,783 874 (23.1) 1.00

 Airflow-obstruction 516 179 (34.7) 1.69 (1.40, 2.03) e

 Restrictive-pattern 275 115 (41.8) 1.57 (1.11, 2.21) f

Age 65-80

 Normal 1,888 589 (31.2) 1.00

 Airflow-obstruction 376 165 (43.9) 1.74 (1.32, 2.31) e

 Restrictive-pattern 158 82 (51.9) 2.09 (1.54, 2.83) f

Abbreviations: FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Function Initiative; GLI-LLN5, lower 

limit of normal at the 5th percentile distribution, as defined by a GLI-calculated Z-score of -1.64; SD, standard deviation.

a
Normal spirometry was defined by FEV1/FVC and FVC, both ≥GLI-LLN5; airflow-obstruction by FEV1/FVC<GLI-LLN5; and restrictive-

pattern by FEV1/FVC≥GLI-LLN5 and FVC<GLI-LLN5.

b
Varied from Table 1 because of missing data.

c
Percentage of the corresponding spirometric category.

d
Odds ratios were calculated using logistic regression models, adjusted for age, height, sex, ethnicity, BMI, smoking history, high cardiovascular 

risk, and health status.

e
Not significantly different in the age group of 40-60 vs. 65-80 (p-value for age interaction was .713).

f
Not significantly different in the age group of 40-60 vs. 65-80 (p-value for age interaction was .201).
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Table 3
Prevalence rates and adjusted odds ratios for having chronic bronchitis, according to 
spirometric category and age group

Spiometric Category a N b No. (%) of participants with chronic bronchitis c Adjusted odds ratio (95% CI) d

Age 40-80

 Normal 5,684 599 (10.5) 1.00

 Airflow-obstruction 891 208 (23.3) 1.92 (1.62, 2.29)

 Restrictive-pattern 434 69 (15.9) 1.39 (1.08, 1.78)

Age 40-64

 Normal 3,787 356 (9.4) 1.00

 Airflow-obstruction 515 118 (22.9) 2.13 (1.70, 2.66) e

 Restrictive-pattern 276 37 (13.4) 1.35 (0.93, 1.97) f

Age 65-80

 Normal 1,897 243 (12.8) 1.00

 Airflow-obstruction 376 90 (23.9) 1.83 (1.45, 2.32) e

 Restrictive-pattern 158 32 (20.3) 1.51 (1.10, 2.06) f

Abbreviations: FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Function Initiative; GLI-LLN5, lower 

limit of normal at the 5th percentile distribution, as defined by a GLI-calculated Z-score of -1.64; SD, standard deviation.

a
Normal spirometry was defined by FEV1/FVC and FVC, both ≥GLI-LLN5; airflow-obstruction by FEV1/FVC<GLI-LLN5; and restrictive-

pattern by FEV1/FVC≥GLI-LLN5 and FVC<GLI-LLN5.

b
Varied from Table 1 because of missing data.

c
Percentage of the corresponding spirometric category.

d
Odds ratios were calculated using logistic regression models, adjusted for age, height, sex, ethnicity, BMI, smoking history, high cardiovascular 

risk, and health status.

e
Not significantly different in the age group of 40-60 vs. 65-80 (p-value for age interaction was .208).

f
Not significantly different in the age group of 40-60 vs. 65-80 (p-value for age interaction was .290).
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Table 4
Prevalence rates and adjusted odds ratios for wheezing, respectively, according to 
spirometric category and age group

Spiometric Category a N b No. (%) of participants with wheezing c Adjusted odds ratio (95% CI) d

Age 40-80

 Normal 5,683 606 (10.7) 1.00

 Airflow-obstruction 892 218 (24.4) 2.50 (2.08, 3.00)

 Restrictive-pattern 434 83 (19.1) 1.53 (1.15, 2.04)

Age 40-64

 Normal 3,787 414 (10.9) 1.00

 Airflow-obstruction 516 131 (25.4) 2.35 (1.83, 3.01) e

 Restrictive-pattern 276 56 (20.3) 1.57 (1.10, 2.25) f

Age 65-80

 Normal 1,896 192 (10.1) 1.00

 Airflow-obstruction 376 87 (23.1) 2.85 (1.99, 4.07) e

 Restrictive-pattern 158 27 (17.1) 1.46 (0.89, 2.41) f

Abbreviations: FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Function Initiative; GLI-LLN5, lower 

limit of normal at the 5th percentile distribution, as defined by a GLI-calculated Z-score of -1.64; SD, standard deviation.

a
Normal spirometry was defined by FEV1/FVC and FVC, both ≥GLI-LLN5; airflow-obstruction by FEV1/FVC<GLI-LLN5; and restrictive-

pattern by FEV1/FVC≥GLI-LLN5 and FVC<GLI-LLN5.

b
Varied from Table 1 because of missing data.

c
Percentage of the corresponding spirometric category.

d
Odds ratios were calculated using logistic regression models, adjusted for age, height, sex, ethnicity, BMI, smoking history, high cardiovascular 

risk, and health status.

e
Not significantly different in the age group of 40-60 vs. 65-80 (p-value for age interaction was .822).

f
Not significantly different in the age group of 40-60 vs. 65-80 (p-value for age interaction was .936).
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Table 5
Prevalence rates of spirometric categories according to respiratory symptoms and age 
group

Respiratory Symptoms N Spiometric Category a

Normal Airflow-obstruction Restrictive-pattern

No. (%)

Age 40-80

 Dyspnea on exertion 2,004 1,463 (73.0) 344 (17.2) 197 (9.8)

 Chronic bronchitis 876 599 (68.4) 208 (23.7) 69 (7.9)

 Wheezing 907 606 (66.8) 218 (24.0) 83 (9.2)

Age 40-64

 Dyspnea on exertion 1,168 874 (74.8) 179 (15.3) 115 (9.9)

 Chronic bronchitis 511 356 (69.7) 118 (23.1) 37 (7.2)

 Wheezing 601 414 (68.9) 131 (21.8) 56 (9.3)

Age 65-80

 Dyspnea on exertion 836 589 (70.5) 165 (19.7) 82 (9.8)

 Chronic bronchitis 365 243 (66.6) 90 (24.7) 32 (8.8)

 Wheezing 306 192 (62.8) 87 (28.4) 27 (8.8)

Abbreviations: FEV1, forced expiratory volume in 1-second; FVC, forced vital capacity; GLI, Global Lung Function Initiative; GLI-LLN5, lower 

limit of normal at the 5th percentile distribution, as defined by a GLI-calculated Z-score of -1.64; SD, standard deviation.

a
Normal spirometry was defined by FEV1/FVC and FVC, both ≥GLI-LLN5; airflow-obstruction by FEV1/FVC<GLI-LLN5; and restrictive-

pattern by FEV1/FVC≥GLI-LLN5 and FVC<GLI-LLN5.
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