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BACKGROUND: Recent studies have demonstrated that even in the absence of lung impairment as

determined by spirometry, smoking and respiratory symptoms are associated with poor overall

health and well-being. However, this relationship is not well defined; and it remains unclear the

degree to which symptoms are related to poor health, independent of smoking. This is of particular

importance to older adults, as they are more likely to exhibit respiratory symptoms and are, there-

fore, at risk of not receiving appropriate treatment if they have never smoked and have normal

spirometry. METHODS: We performed a cross-sectional analysis of data from the Canadian

Longitudinal Study on Aging to delineate the associations of respiratory symptoms and smoking

on the health of participants age 45–86 who exhibited normal spirometry. Participant health was

estimated using a frailty index, a multidimensional measure of vulnerability to adverse outcomes

that has been validated in numerous health settings. RESULTS: Of the 21,293 participants

included in our analysis, 87% exhibited a normal FEV1, FVC, and FEV1/FVC; of those, 45%

reported at least one respiratory symptom, and 50% were former or current smokers. Both re-

spiratory symptoms and smoking were independently associated with frailty (median interquar-

tile range [IQR] 5 0.11 [0.07–0.15]), the most substantial associations observed for those having

at least one respiratory symptom (adjusted b 0.023, 95% CI 0.022–0.025) and current smokers

with > 10 pack-year exposure (adjusted b 0.014, 95% CI [0.010–0.019). Not only was the associa-

tion between symptoms and frailty evident in never smokers, a significant proportion of the total

effect of smoking on frailty was observed to be mediated by symptoms. CONCLUSIONS: Our

data show that respiratory symptoms, regardless of smoking history, were a significant correlate

of frailty in older adults with normal spirometry. Hence, they should not be simply regarded as

a benign by-product of aging. Key words: frailty; lung function; symptoms; smoking; Canadian
Longitudinal Study on Aging. [Respir Care 2021;66(12):1848–1857. © 2021 Daedalus Enterprises]

Introduction

Spirometry remains the most widely used tool to assess

pulmonary function and establish lung impairment.1 This

test measures the FEV1 and FVC, abnormalities of which

are helpful in making the clinical diagnosis of chronic ob-

structive and restrictive lung diseases.2 However, recent

studies have shown that a substantial proportion of adults

with underlying airway disease has normal spirometry.

Woodruff and colleagues3 showed that former or current
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smokers with> 20 pack-years and without spirometric evi-

dence of obstruction (FEV1/FVC < 0.7) utilized more

health care services than healthy never smokers, regardless

whether they reported respiratory symptoms such as cough,

dyspnea, activity limitation, and chest tightness; further,

relative to asymptomatic subjects, those reporting symp-

toms demonstrated greater activity limitations and airway-

wall thickening. Similarly, Regan and colleagues4 reported

that adults with normal spirometry (FEV1/FVC < 0.7 and

predicted FEV1 $ 80%) and at least 10 pack-years exhib-

ited worse quality of life, reduced physical function, and

evidence of airway thickening or emphysema as compared

to never smokers.

Whereas it is clear from this work that a history of smok-

ing and presence of respiratory symptoms are strong indica-

tors of poor health and adverse outcomes, even in those

with normal spirometry, the exact relationship between

these factors is unclear. This is particularly important for

older adults with normal spirometry given that respiratory

symptoms are more common5 and, therefore, more likely to

be dismissed by primary health care providers. Whereas re-

spiratory symptoms have been previously shown to be a

significant predictor of all-cause and cardiopulmonary-spe-

cific mortality,6 little else is known regarding the role of

symptoms in the context of lung function and smoking his-

tory. A valuable correlate to investigate in this regard would

be frailty, a multidimensional measure of health that repre-

sents one’s vulnerability to adverse outcomes in response to

significant stressors such as illness or injury7; examples of

frailty-related outcomes include Alzheimer disease and de-

mentia,8 disability and health care utilization,9 and mortal-

ity.10 Although smoking is known to be associated with both

prevalent11 and incident frailty,12 the impact of respiratory

symptoms on frailty is poorly described; and to our knowl-

edge, neither factor has been studied in the context of older

adults with normal spirometry.

In the following study, we sought to investigate the asso-

ciations of smoking and respiratory symptoms with frailty

in a large, community-based sample of older Canadian

adults with normal spirometry. We hypothesized that not

only would respiratory symptoms be prevalent in this sam-

ple but that they would be associated with frailty regardless

of smoking status.

Methods

Cohort Description and Participants

This study was a cross-sectional analysis of data from

the Canadian Longitudinal Study on Aging (CLSA) base-

line collection (2012–2015); the CLSA study design and

methods have been previously described.13 It was based on

a subgroup of CLSA participants belonging to the compre-

hensive cohort, which included 30,097 community-dwell-

ing adults age 45–85 who provided questionnaire data

through in-home interviews and additional physical and

cognitive data at one of 11 data collection sites nationwide.

This study and its protocol was approved by the Health

Sciences North Research Ethics Board (# 21–009).

In our analyses, we excluded participants if they had a con-

traindication to lung function testing (n ¼ 3,359) or generated

spirometry readings below grade B (n ¼ 5,399; see below).

We also excluded all participants missing any spirometry data

(n¼ 1) or exhibited an FEV1/FVC (see below)> 1.0 (n¼ 8)

or in whom smoking status could not be defined (n ¼ 46; see

below). The final sample included 21,293 participants.

Lung Function Measures and Definition of Normal

Spirometry

Lung function was assessed by a trained technician using

a portable spirometer (TrueFlow Easy-on PC spirometer,
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Current knowledge

Recently published data indicate that a clean bill of

health following spirometric lung function testing does

not exclude underlying pathology, which impacts both

function and well-being. Even after considering smok-

ing status, an important role for respiratory symptoms

is suggested but has not been investigated.

What this paper contributes to our knowledge

Our analysis of more than 20,000 older adults from a

population-based sample found that even in older adult

smokers with normal lung function on spirometry

symptoms were prevalent and related to frailty.

Therefore, these symptoms should not be dismissed as

a benign by-product of aging.
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ndd Medical Technologies, Zürich, Switzerland) without

use of bronchodilators. The maximum FEV1 (L/s) and

FVC (L) were obtained for each participant and were

used to calculate the FEV1/FVC ratio. Participants were

allowed up to 8 attempts to provide 3 acceptable spirom-

etry measures, determined by the duration and consistency

of the flow-rate pattern of each maneuver. Age, sex, height,

and ethnicity standardized values (Z scores) for FEV1, FVC,

and FEV1/FVC were derived using equations from the 2012

Global Lung Function Initiative14 and software developed by

Theodore Lytras (https://github.com/thlytras/rspiro/). Height

(m) was measured by stadiometer, and ethnicity was based

on interviewer assessment. Missing ethnicity assessments

(n ¼ 539) were imputed using the R package “mice” and

replaced with the mode.

Participants were categorized as having normal spirome-

try if their FEV1, FVC, and FEV1/FVCwere above the lower

limit of normal (ie, Z score > �1.64) and were categorized

as having abnormal spirometry if any one of those 3 meas-

ures was below or equal to the lower limit of normal.

Classification of Smoking Status and Respiratory

Symptoms

Smoking history was categorized as never (not smoked

100 cigarettes in their lifetime), former (smoked at least 100

cigarettes but not in the past 30 d), and current (smoked at

least 100 cigarettes and at least one cigarette in the past 30 d).

Pack-year exposure was defined according to a previously

described approach15 and categorized as < 10 or $ 10 pack-

years. Using these 2 variables, smoking status was defined as

never smoker, former smoker with < 10 or > 10 pack-years,

and current smoker with< 10 or> 10 pack-years.

Current respiratory symptoms, including wheezing,

shortness of breath (ie, dyspnea), and coughing, were

obtained by self-reported questionnaire. Wheezing was rep-

resented by 3 questions: wheezing or whistling in your

chest at any time within the last year, wheeze with mild-to-

moderate exertion, and woken up with an attack of wheez-

ing at any time within the last year. Shortness of breath was

represented by 3 questions: become short of breath walking

on flat surfaces, become short of breath climbing stairs or

walking up a small hill, and had an attack of shortness of

breath that came on during the day when you were at rest at

any time within the last year. Coughing was represented by

2 questions: woken up with an attack of coughing at any

time within the last year and usually coughed on most days

within the last year. Answering yes to any one of these

questions affirmed the presence of the respective symptom

group, and if the question was refused or not answered, the

respective symptom group was treated as missing data.

Having any respiratory symptom was based on the presence

of wheeze, dyspnea, or cough; for participants who did not

report the presence of any symptoms, this dichotomous

variable was assigned as missing if any of the individual

symptom groups was also missing.

Frailty Index Calculation

Frailty was estimated using the frailty index approach16

based on 74 deficits related to chronic conditions, activities

of daily living, depression, perceptions of health, satisfac-

tion with life, body mass, and social participation as per

previous work11,17 (Supplemental Table S1, see the supple-

mentary materials at http://www.rcjournal.com). It is calcu-

lated as the proportion of deficits present relative to the

total sum of deficits considered, ranging from 0–1 and is

gamma distributed16,18; hence, increasing values represent

worse health and greater risk of adverse outcomes. As an

example, a person reporting 10 deficits would exhibit a

frailty index of 0.135 (ie, 10 divided by 74). Frailty was

defined as missing for any participant missing > 7 deficit

variables (� 10%), which is similar or lower than other pre-

viously published studies,19-22 and participants with a frailty

index of zero (n ¼ 11) were assigned a value of 0.001 in

order to accommodate gamma regression.

Covariates

The following factors were included as covariates in

regression analyses given their known association with

lung function, respiratory disease, and smoking status:

age,23 sex,23 obesity,24 physical activity,25 diet,26 and

income.23 Obesity was estimated by body mass index

(BMI), obtained by measuring tape and stadiometer, and

classified as underweight (< 18.5 kg/m2), normal (18.5–

24.9 kg/m2), overweight (25.0–29.9 kg/m2), and obese

(> 30 kg/m2); given that only a small number of partici-

pants was categorized as underweight (n ¼ 109), they were

combined with normal participants. Physical activity was

operationalized using the Physical Activity Scale for the

Elderly,27 a continuous measure in which a greater score

indicates an overall greater amount of time spent per week

performing activities such as walking, housework, and sports

and recreational activities. Diet was evaluated based on par-

ticipant fruit and vegetable consumption and defined as < 2

servings daily, 2–3 servings, 4–5 servings, or $ 6 servings;

this information was captured within the SCREEN-II-AB

assessment tool. Total household income was defined as an-

nual earnings of < $50,000, $50,000–100,000, and

> $100,000. Data for all factors were obtained by self-

reported questionnaire; refusing or being unable to answer a

given question was considered missing data.

Statistical Analysis

All continuous variables were summarized as the median

and interquartile range and categorical variables as the
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count and frequency. Significance of variation across strata

(ie, by smoking group or symptoms presence) was deter-

mined by ANOVA for continuous variables or chi-square

test for categorial variables. To estimate the effect of

smoking status and presence of any respiratory symp-

tom on frailty, we used gamma regression (identity

link), adjusting for age, sex, income, BMI, diet, and

physical activity; observations with missing data in any

of these variables were removed prior to analysis. The

main effects of smoking and respiratory symptoms were

determined using 3 models, 2 of which including smok-

ing or respiratory symptoms and the third including

both variables. We performed this analysis on the entire

sample of participants as well as a subset of participants

who did not report cardiopulmonary conditions: asthma,

emphysema, chronic bronchitis, COPD, or chronic

changes in lungs due to smoking, heart disease (includ-

ing congestive heart failure), angina, myocardial infarc-

tion, an unstable heart condition in the past 3 months, or

coronary artery bypass surgery (n ¼ 14,176). Main

effects for smoking were presented as the change in

frailty (b coefficient and 95% CI) relative to never

smokers and for respiratory symptoms relative to partic-

ipants without any respiratory symptoms. We also

tested whether there was a significant multiplicative

interaction between smoking and respiratory symptoms

in the aforementioned fully adjusted model.

To determine the proportion of the total effect of smok-

ing status on frailty (ie, direct effect) that was mediated by

respiratory symptoms (ie, indirect effect), we performed

mediation analysis using the R package mediation.28 In this

approach, adjusted gamma regression models were used to

estimate both the direct and indirect effect of each smoking

category on frailty, relative to never smokers, along with an

adjusted logistic regression model to estimate the effect of

smoking on the presence of respiratory symptoms. From

these models, the proportion of effect mediated by respira-

tory symptoms (ie, ratio of the indirect to direct effect) can

be determined, where a proportion of$ 1 (ie, 100%) repre-

sents complete mediation and< 1 represents partial media-

tion. This estimate is considered significant if the 95% CI

does not cross 0. All analyses were performed in the R

environment.

Results

Participant Demographics and Reported Respiratory

Symptoms

Of the 21,293 participants included in our study, 18,478

(87%) had normal spirometry. Within this subset, 50%

were never smokers, 43% were former smokers, and 7%

were current smokers (Table 1). Current smokers, espe-

cially those with < 10 pack-years, tended to be younger

than never and former smokers, and all smoking subgroups

contained slightly more females except for former smokers

with> 10 pack-years. Total household income tended to be

lower in former and current smokers with > 10 pack-years,

whereas diet (fruit and vegetable consumption) was mark-

edly worse in current smokers with> 10 pack-years. Former

> 10 pack-year smokers were more likely to be overweight

or obese compared to the other categories and report less

physical activity. As expected, FEV1 and FEV1/FVC were

slightly lower in former and current smokers with > 10

pack-years, whereas the frailty index was higher.

Unexpectedly, current smokers with < 10 pack-years

exhibited the highest FEV1 and FVC, which is likely a

product of their lower average age and higher physical ac-

tivity. As a whole, these data indicate that there is signifi-

cant heterogeneity among older adults in different

smoking status categories.

In our sample of participants with normal spirometry,

16%, 23%, and 26% reported wheeze, dyspnea, and cough,

respectively, whereas 45% reported at least one symptom

(Table 2). A similar proportion of never and former smok-

ers with < 10 pack-years reported symptoms, and current

smokers with < 10 pack-years were only slightly more

likely to be symptomatic. As expected, former and current

smokers with> 10 pack-years were much more likely to be

symptomatic; in fact, 50% and 70%, respectively, reported

at least one symptom. As shown in Table 3, when consid-

ered together, participants reporting at least one respiratory

symptom tended to be older, female, and obese and had

lower income, physical activity, FEV1, and FVC relative to

those not reporting any symptoms. Further, symptomatic

participants were more likely to be former or current smok-

ers with > 10 pack-years and exhibited a median frailty

index that was 0.04, or 44%, higher than those without

symptoms. This difference exceeds the clinically meaning-

ful difference of 0.03 that has been previously establish for

the frailty index.29,30

Frailty Differences According to Smoking Status and

the Presence of Symptoms

When modeled in the absence of respiratory symptoms,

each smoking category was associated with significantly

higher frailty relative to never smokers: former < 10 pack-

years (adjusted coefficient 0.002, 95% CI 0.0001–0.0038),

former > 10 pack-years (adjusted coefficient 0.009, 95% CI

0.007–0.012), current < 10 pack-years (adjusted coefficient

0.009, 95% CI 0.003–0.016), and current > 10 pack-years

(adjusted coefficient 0.021, 95% CI 0.017–0.026) (Fig. 1;

Supplemental Table S2, see the supplementary materials at

http://www.rcjournal.com). In the absence of smoking, symp-

tomatic participants also exhibited significantly higher frailty

relative to those who were asymptomatic (adjusted coefficient

0.024, 95% CI 0.023–0.026]) (Fig. 1; Supplemental Table S2,
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see the supplementary materials at http://www.rcjournal.

com), approaching the threshold of clinical meaningfulness

(ie, 0.03). Interestingly, when both variables were modeled to-

gether, the effect of symptoms changed very little, whereas

the effect of smoking on frailty decreased across all catego-

ries, the least of which for former smokers with > 10 pack-

years (� 17% reduction) and the greatest for current smokers

with > 10 pack-years (� 33%) (Fig. 1; Supplemental Table

S2, see the supplementary materials at http://www.rcjournal.

com).

Given that smoking can lead to the development of mul-

tiple cardiopulmonary disorders, which themselves can

lead to respiratory symptoms and contribute to a higher

frailty index, we performed a sensitivity analysis on partici-

pants that did not report any chronic respiratory or cardio-

vascular condition (n¼ 14,405 or 78% of the final sample).

Although the magnitude of effects was lower, the trends

observed within and between the smoking and respiratory

symptoms variables changed very little (Supplemental

Table S3, see the supplementary materials at http://www.

rcjournal.com).

Respiratory Symptoms Partially Mediate the Effect of

Smoking on Frailty

To further characterize the relationship between smoking

and respiratory symptoms as correlates of frailty for partici-

pants with normal spirometry, we first tested for a possible

interaction. However, no significant interaction between

smoking and respiratory symptoms was observed, suggesting

that the strength of association between respiratory symp-

toms and frailty does not change significantly according to

smoking status and vice versa (Supplemental Table S4, see

the supplementary materials at http://www.rcjournal.com).

Next, we investigated whether respiratory symptoms,

which can be caused by smoking, mediate the association

Table 1. Characteristics of Participants With Normal Spirometry

Smoking Group

Total Never Former [< 10] Former [10 >] Current [< 10] Current [10 >]

(n ¼ 18,478) (n ¼ 9,259) (n ¼ 4,620) (n ¼ 3,400) (n ¼ 301) (n ¼ 898)

Age, y 61 (54–69) 60 (53–69) 61 (54–69) 64 (58–72) 54 (50–61) 58 (52–64)

Sex

Female 9,815 (53.1) 5,180 (55.9) 2,508 (54.3) 1,487 (43.7) 167 (55.5) 473 (52.7)

Male 8,663 (46.9) 4,079 (44.1) 2,112 (45.7) 1,913 (56.3) 134 (44.5) 425 (47.3)

Income

> 100,000 7,036 (38.1) 3,757 (40.6) 1,885 (40.8) 1,039 (30.6) 128 (42.5) 227 (25.3)

50,000–100,000 6,172 (33.4) 3,036 (32.8) 1,530 (33.1) 1,215 (35.7) 96 (31.9) 295 (32.9)

< 50,000 4,163 (22.5) 1,894 (20.5) 933 (20.2) 952 (28.0) 59 (19.6) 325 (36.2)

Missing 1,107 (6.0) 572 (6.2) 272 (5.9) 194 (5.7) 18 (6.0) 51 (5.7)

Fruit/Veg Consumption

$ 6 4,343 (23.5) 2,349 (25.4) 1,147 (24.8) 693 (20.4) 57 (18.9) 97 (10.8)

4–5 6,487 (35.1) 3,351 (36.2) 1,631 (35.3) 1,177 (34.6) 103 (34.2) 225 (25.1)

3–4 5,425 (29.4) 2,581 (27.9) 1,352 (29.3) 1,066 (31.4) 99 (32.9) 327 (36.4)

< 2 1,437 (7.8) 621 (6.7) 300 (6.5) 298 (8.8) 30 (10.0) 188 (20.9)

Missing 786 (4.3) 357 (3.9) 190 (4.1) 166 (4.9) 12 (4.0) 61 (6.8)

BMI

Normal or less 5,794 (31.4) 3,194 (34.5) 1,463 (31.7) 707 (20.8) 103 (34.2) 327 (36.4)

Overweight 7,627 (41.3) 3,706 (40.0) 1,959 (42.4) 1,493 (43.9) 127 (42.2) 342 (38.1)

Obese 5,041 (27.3) 2,352 (25.4) 1,191 (25.8) 1,199 (35.3) 71 (23.6) 228 (25.4)

Missing 16 (0.1) 7 (0.1) 7 (0.2) 1 (0) 0 1 (0.1)

Physical Activity Score 136 (93–189) 138 (94–191) 137 (95–188) 128 (88–178) 159 (106–227) 136 (93–197)

Missing 811 (4.4) 375 (4.1) 205 (4.4) 157 (4.6) 12 (4.0) 62 (6.9)

FEV1 (L/s) 2.8 (2.3–3.3) 2.8 (2.3–3.4) 2.8 (2.3–3.3) 2.7 (2.3–3.2) 3 (2.5–3.5) 2.7 (2.3–3.2)

FVC (L) 3.5 (3.0–4.3) 3.5 (2.9–4.3) 3.6 (3.0–4.3) 3.5 (2.9–4.2) 3.7 (3.2–4.6) 3.5 (3.0–4.2)

FEV1/FVC (%) 78 (75–81) 79 (75–82) 78 (75–81) 77 (74–80) 78 (75–82) 76 (73–80)

Frailty Index 0.11 (0.072–0.15) 0.10 (0.068–0.14) 0.1 (0.07–0.15) 0.12 (0.086–0.17) 0.1 (0.071–0.15) 0.13 (0.084–0.18)

Missing 33 (0.2) 17 (0.2) 8 (0.2) 6 (0.2) 1 (0.3) 1 (0.1)

Data are presented as n (%) unless otherwise noted. Continuous data are summarized as the median (interquartile range) and categorical data as the count (frequency). Smoking categories are subdivided

according to pack-year exposure, listed in square brackets. Note: variation across the smoking groups was statistically significant (P < .05) for all factors above according to ANOVA or chi-square test,

where applicable.

BMI ¼ body mass index
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of smoking status with frailty (ie, smoking! symptoms!
frailty). Our analysis indicated that symptoms partially

mediated the association between frailty and smoking sta-

tus, although the magnitude and significance depended on

the smoking category in question. The effect of former

and current smokers with < 10 pack-years relative to

never smokers was mediated 21% (95% CI �53: 162%)

and 14% (95% CI �2: 63%) by the presence of respira-

tory symptoms, respectively, but neither estimate was

significant (Fig. 2). The effect of former and current

smokers with > 10 pack-years, however, was signifi-

cant, where 12% (95% CI 6: 19%) and 31% (95% CI 25:

40%) were found to be mediated by respiratory symp-

toms, respectively, (Fig. 2). This indicates that whereas

there are significant independent effects of smoking sta-

tus and respiratory symptoms on the frailty of older

adults with normal spirometry, a significant proportion

of the effect of smoking for those with > 10 pack-years

is mediated through respiratory symptoms.

Discussion

Our data indicate that respiratory symptoms such as

wheeze, cough, and dyspnea are very common in Canadian

older adults with normal spirometry, regardless of smoking

status. Approximately 40% of never smokers reported hav-

ing at least one of these symptoms in the past year, whereas

50% and 70% of former and current smokers with > 10

pack-years reported these symptoms. We also found that

those reporting respiratory symptoms were slightly older

and more likely to be female, whereas former smokers

were slightly older and those with > 10 pack-years more

likely to be male, whereas current smokers tended to be

much younger. Furthermore, those reporting respiratory

symptoms were more likely to have lower income, fruit and

vegetable consumption, and physical activity and be obese.

Among smokers, these health risk factors tended to be

more pronounced in those with > 10 pack-years. A recent

study by Çolak and colleagues31 found similar trends: For

adults with FEV1/FVC$ 0.70, the 37% that reported respi-

ratory symptoms were slightly older and more likely to be

female and exhibit health risk factors such as obesity,

increased blood pressure, and chronic conditions. Im-

portantly, symptomatic adults, especially former or current

smokers, had a significantly higher odds of hospitalization

and death, which would also suggest that levels of frailty

were elevated in this subset. In the study by Woodruff and

colleagues,3 symptomatic former or current smokers with

preserved spirometry (FEV1/FVC $ 0.70 and FVC

> lower limit of the normal range) were nearly as com-

mon as asymptomatic but exhibited significantly lower

walking speed, an important component in the defini-

tion of frailty.32

The aforementioned work implies that even with nor-

mal spirometry older adults that exhibit respiratory

symptoms, especially smokers, are more frail and at

higher risk of adverse outcomes. Our results support

this and suggest an interesting dependence between

Table 2. Summary of Reported Respiratory Symptoms in Participants With Normal Spirometry

Smoking Group

Total Never Former [< 10] Former [> 10] Current [< 10] Current [> 10]

(n ¼ 18,478) (n ¼ 9,259) (n ¼ 4,620) (n ¼ 3,400) (n ¼ 301) (n ¼ 898)

Wheeze

No 15,414 (83.4) 7,937 (85.7) 3,942 (85.3) 2,752 (80.9) 239 (79.4) 544 (60.6)

Yes 2,988 (16.2) 1,289 (13.9) 664 (14.4) 628 (18.5) 61 (20.3) 346 (38.5)

Missing 76 (0.4) 33 (0.4) 14 (0.3) 20 (0.6) 1 (0.3) 8 (0.9)

Dyspnea

No 14,175 (76.7) 7,330 (79.2) 3,615 (78.2) 2,403 (70.7) 239 (79.4) 588 (65.5)

Yes 4,210 (22.8) 1,890 (20.4) 984 (21.3) 971 (28.6) 62 (20.6) 303 (33.7)

Missing 93 (0.5) 39 (0.4) 21 (0.5) 26 (0.8) 0 7 (0.8)

Cough

No 13,547 (73.3) 6,997 (75.6) 3,430 (74.2) 2,450 (72.1) 215 (71.4) 455 (50.7)

Yes 4,855 (26.3) 2,227 (24.1) 1,170 (25.3) 935 (27.5) 83 (27.6) 440 (49.0)

Missing 76 (0.4) 35 (0.4) 20 (0.4) 15 (0.4) 3 (1.0) 3 (0.3)

Any symptom

No 10,082 (54.6) 5,382 (58.1) 2,591 (56.1) 1,673 (49.2) 165 (54.8) 271 (30.2)

Yes 8,301 (44.9) 3,835 (41.4) 2,005 (43.4) 1,705 (50.1) 132 (43.9) 624 (69.5)

Missing 95 (0.5) 42 (0.5) 24 (0.5) 22 (0.6) 4 (1.3) 3 (0.3)

Data are presented as n (%). Data are summarized as the count (frequency). Smoking categories are subdivided according to pack-year exposure, listed in square brackets. Note: Variation across the smok-

ing groups was statistically significant (P < .05) for all factors above according to chi-square test.
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smoking status and respiratory symptoms. When

regressed on smoking status or respiratory symptoms in

separate models, multivariable analysis demonstrated

that frailty increased with both smoking history and ex-

posure, which has been previously shown.33,34 Similarly

for respiratory symptoms, frailty was observed to be

significantly higher in participants reporting any symp-

tom over the past year, nearly to the same extent as cur-

rent > 10 pack-years smokers relative to never smokers.

However, when both smoking and respiratory symp-

toms were modeled together, the associations between

smoking categories and frailty were reduced substan-

tially, whereas the association with respiratory

symptoms was nearly unchanged. Given that the associ-

ations between frailty and respiratory symptoms did not

change appreciably among the smoking groups and

were significant even if participants never smoked, we

tested whether respiratory symptoms were a possible

mediator of the association between smoking and

frailty. Indeed, having at least one respiratory symptom

partially mediated this relationship, although it was

only significant for former and current > 10 pack-years

smokers.

Whereas these findings indicate that respiratory symp-

toms are a very important correlate of frailty and an integral

component of the harmful effects of smoking, the

Table 3. Characteristics of Participants With Normal Spirometry, Stratified by Respiratory Symptom Status

Any Symptoms Reported

Total No Yes

(n ¼ 18,478) (n ¼ 10,082) (n ¼ 8,301)

Age, y 61 (54–69) 60 (53–68) 62 (55–70)

Sex

Female 9,815 (53.1) 5,031 (49.9) 4,736 (57.1)

Male 8,663 (46.9) 5,051 (50.1) 3,565 (42.9)

Income

> 100,000 7,036 (38.1) 4,296 (42.6) 2,711 (32.7)

50,000–100,000 6,172 (33.4) 3,337 (33.1) 2,808 (33.8)

< 50,000 4,163 (22.5) 1,892 (18.8) 2,239 (27.0)

Missing 1,107 (6.0) 557 (5.5) 543 (6.5)

Fruit/Veg Consumption

$ 6 4,343 (23.5) 2,626 (26.0) 1,699 (20.5)

4–5 6,487 (35.1) 3,594 (35.6) 2,868 (34.6)

2–3 5,425 (29.4) 2,795 (27.7) 2,596 (31.3)

< 2 1,437 (7.8) 682 (6.8) 745 (9.0)

Missing 786 (4.3) 385 (3.8) 393 (4.7)

BMI

Normal or less 5,794 (31.4) 3,802 (37.7) 1,960 (23.6)

Overweight 7,627 (41.3) 4,280 (42.5) 3,307 (39.8)

Obese 5,041 (27.3) 1,995 (19.8) 3,023 (36.4)

Missing 16 (0.1) 5 (0) 11 (0.1)

Physical Activity Score 136 (93–189) 142 (100–195) 128 (86–180)

Missing 811 (4.4) 390 (3.9) 412 (5.0)

Smoking Status

Never 9,259 (50.1) 5,382 (53.4) 3,835 (46.2)

Former [< 10] 4,620 (25.0) 2,591 (25.7) 2,005 (24.2)

Former [> 10] 3,400 (18.4) 1,673 (16.6) 1,705 (20.5)

Current [< 10] 301 (1.6) 165 (1.6) 132 (1.6)

Current [> 10] 898 (4.9) 271 (2.7) 624 (7.5)

FEV1 (L/s) 2.8 (2.3–3.3) 2.9 (2.4–3.4) 2.6 (2.2–3.2)

FVC (L) 3.5 (3.0–4.3) 3.7 (3.1–4.4) 3.4 (2.8–4.1)

FEV1/FVC (%) 78 (75–81) 78 (75–81) 78 (74–81)

Frailty Index 0.11 (0.072–0.15) 0.09 (0.062–0.13) 0.13 (0.089–0.18)

Missing 33 (0.2) 7 (0.1) 2 (0)

Data are presented as n (%) unless otherwise noted. Continuous data are summarized as the median (interquartile range) and categorical data as the count (frequency). Smoking categories are subdivided

according to pack-year exposure, listed in square brackets. Note: Variation across the smoking groups was statistically significant (P < .05) for all factors above according to ANOVA or chi-square test,

where applicable.

BMI ¼ body mass index
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pathological mechanisms of their effects on frailty remain

unclear; that being said, at least 2 explanations can be

hypothesized. First, respiratory symptoms may be related

to an underlying pulmonary condition that was not captured

by spirometry or reported by the participant. This is sup-

ported by previous work showing that the incidence of hos-

pitalization due to respiratory exacerbations (eg, asthma or

COPD related) or mortality due to a respiratory condition is

significantly greater for those exhibiting symptoms, even in

never smokers with normal spirometry.31 Second, it is

likely that respiratory symptoms have a measurable impact

on health and well-being, independent of clinical or sub-

clinical airway disease. This is supported by data from the

European Community Respiratory Health Survey, which

showed that respiratory symptoms are significantly associ-

ated with reduced health-related quality of life, even in the

absence of asthma or COPD.35 The symptom-independent

association of smoking with frailty in those with normal

spirometry further supports the fact that there is no such

thing as a healthy smoker.3,4

Our study featured a number of strengths and some

limitations. First, our findings are based on data from a

large, population-based study that allowed us to adjust

for a broad array of important covariates in our model-

ing. Second, we were particularly conservative in our

definition of both normal spirometry and smoking, the

latter of which we categorized according to history and

overall exposure. Lastly, instead of focusing on a single

chronic condition or aspect of well-being as our out-

come correlate, we employed a comprehensive frailty

index, a sensitive measure of overall vulnerability to

adverse outcomes in older adults. One of our major lim-

itations was that we used a cross-sectional design,

which did not allow us to infer causality in the associa-

tions we observed and relied on self-reported data,

which are prone to response bias. Further, these associa-

tions, whereas close to what is considered a clinically

meaningful difference, did not exceed them in adjusted

analyses. Second, participants were not treated with

bronchodilators prior to performing spirometry to clas-

sify them as normal or abnormal, which is not the typi-

cal approach in diagnosing obstructive or restrictive

airway disease. Finally, although we were able to inte-

grate both smoking history and exposure in our analy-

ses, we were unable to incorporate the history of

occupational exposures.

Conclusions

In summary, our results demonstrate that smoking his-

tory and exposure and respiratory symptoms are important

correlates of frailty in older adults, even if they have normal

spirometry or are free of self-reported cardiopulmonary dis-

ease. Respiratory symptoms appear to be especially
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important, exhibiting strong independent effects on frailty

as well as partially mediating the association between

smoking and frailty. Given that these associations are close

to what are considered clinically meaningful differences in

frailty, we believe that respiratory symptoms should be

given particular attention when investigating possible air-

way disease in older adults and not be disregarded as a be-

nign by product of aging.
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