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Take home message: Chronic respiratory symptoms are associated with respiratory 

hospitalisations and death in individuals with normal spirometry. Persistent symptoms should lead 

to further investigations for airway disease even with a normal spirometry. 

 

 

 

 

 

 

 

 

 

 



ABSTRACT 

A normal spirometry is often used to preclude airway disease in individuals with unspecific 

respiratory symptoms. We tested the hypothesis that chronic respiratory symptoms are associated 

with respiratory hospitalisations and death in individuals with normal spirometry without known 

airway disease. 

We included 108,246 randomly chosen individuals aged 20-100 from a Danish population-based 

cohort study. Normal spirometry was defined as a pre-bronchodilator forced expiratory volume in 

1second(FEV1)/forced vital capacity(FVC)≥0.70. Chronic respiratory symptoms included dyspnoea, 

chronic mucus hypersecretion, wheezing, and cough. Individuals with known airway disease, i.e. 

chronic obstructive pulmonary disease and/or asthma, were excluded (n=10,291). We assessed risk 

of hospitalisations due to exacerbations of airway disease and pneumonia, and respiratory and all-

cause mortality from 2003 through 2018. 

52,999 had normal spirometry without chronic respiratory symptoms and 30,890 had normal 

spirometry with chronic respiratory symptoms. During follow-up, we observed 1037 

hospitalisations with exacerbation of airway disease, 5743 hospitalisations with pneumonia, and 

8750 deaths, of which 463 were due to respiratory disease. Compared to individuals with normal 

spirometry without chronic respiratory symptoms, multivariable adjusted hazard ratios for 

individuals with normal spirometry with chronic respiratory symptoms were 1.62(95% confidence 

interval:1.20-2.18) for exacerbation hospitalisations, 1.26(1.17-1.37) for pneumonia 

hospitalisations, 1.59(1.22-2.06) for respiratory mortality, and 1.19(1.13-1.25) for all-cause 

mortality. There was a positive dose-response relationship between number of symptoms and risk of 

outcomes. Results were similar after 2 years follow-up, for never-smokers alone, and for each 

symptom separately. 



Chronic respiratory symptoms are associated with respiratory hospitalisations and death in 

individuals with normal spirometry without known airway disease.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is characterised by the presence of chronic 

respiratory symptoms and airflow limitation[1] and is one of the leading causes of morbidity and 

mortality in the world[2]. Since pulmonary function impairment in COPD usually develops slowly 

over time, patients often have progressive disease before a diagnosis is suspected and confirmed[3].  

It was once believed that a prodromal phase of COPD, previously designated as Global Initiative for 

Chronic Obstructive Lung Disease (GOLD) stage 0, could be used to identify high-risk populations 

mainly among smokers[4]. GOLD stage 0 included individuals with chronic cough and phlegm but 

with a normal spirometry. However, GOLD recommended that GOLD stage 0 should no longer be 

included in diagnosis and management of COPD as there was incomplete evidence that individuals 

with GOLD stage 0 necessarily progress to GOLD stage 1 or beyond[5]. Nonetheless, smokers with 

chronic respiratory symptoms and normal spirometry constitute a significant proportion of clinical 

consultations and may have increased risk of airway disease[6-10]. It has been speculated that these 

individuals may have early stages of COPD not yet evidenced by airflow limitation, or a disease 

resembling COPD[5,11].  

We investigated the prognostic significance of chronic respiratory symptoms in individuals with 

normal spirometry without known airway disease by using a Danish contemporary population-

based cohort study, including 108 246 randomly selected individuals irrespective of smoking status. 

We tested the hypothesis that chronic respiratory symptoms are associated with respiratory 

hospitalisations and death in individuals with normal spirometry without known airway disease.   

 

 



METHODS 

Study design and population 

We recruited individuals aged 20-100 from the Copenhagen General Population Study, a Danish 

contemporary population-based cohort study initiated in November 26, 2003, with ongoing 

enrolment[12]. In the present study, we included 108 246 out of 108 928 individuals with complete 

information on lung function recruited up to April 28, 2015. In Denmark, all individuals are 

assigned a unique identification number at birth or immigration and recorded in the national Danish 

Civil Registration System. Individuals living in the Capital Region of Denmark were randomly 

invited from the national Danish Civil Registration System to reflect the adult Danish population 

(response-rate 43%). All participants completed a comprehensive questionnaire, underwent a 

physical health examination, and provided blood for biochemical analyses. Questionnaires were 

reviewed at the day of attendance by a healthcare professional together with the participant. The 

study was approved by Herlev and Gentofte Hospital and the regional ethics committee (approval 

number: H-KF-01-144/01), and was conducted according to the Declaration of Helsinki. All 

participants provided written informed consent.  

 

Lung function and chronic respiratory symptoms 

Pre-bronchodilator forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) 

were measured at the physical health examination using spirometry. Spirometry use in the 

Copenhagen General Population Study has undergone a rigorous validation process before[13]. 

Predicted values were calculated using internally derived reference values based on a subsample of 

11 288 healthy asymptomatic never-smoking individuals with age and height as covariates 

separately for men and women[13]. Normal spirometry was defined as a FEV1/FVC ≥0.70 and 



airflow limitation was below this cut-off. Information on chronic respiratory symptoms was 

obtained from the questionnaire and included dyspnoea, chronic mucus hypersecretion, wheezing, 

and cough. There was no reference to a specific time horizon of the present symptoms nor were 

more detailed questionnaires used to characterise and quantify symptoms. Detailed descriptions of 

lung function procedures and chronic respiratory symptoms can be found in the supplement. 

Individuals were subsequently assigned into one of four mutually exclusive subgroups: normal 

spirometry without chronic respiratory symptoms, normal spirometry with chronic respiratory 

symptoms, airflow limitation without chronic respiratory symptoms, and airflow limitation with 

chronic respiratory symptoms (Figure S1 in the supplement). 

 

Outcomes 

Hospitalisations due to exacerbations of airway disease, i.e. COPD and asthma, (International 

Classification of Diseases [ICD]-10: J41-J46) and pneumonias (ICD-10: J12-J18) included all acute 

emergency department visits and hospital admissions with the mentioned primary diagnosis. 

Information was obtained from the national Danish Patient Registry, which covers all public and 

private hospitals in Denmark, recorded until April 19, 2018.  

Information on vital status was obtained from the national Danish Civil Registration System, which 

contains date of death for all individuals resident in Denmark, recorded until April 19, 2018. 

Information on cause of death was obtained from the national Danish Causes of Death Registry, 

which contains date of causes of death for all individuals resident in Denmark, recorded until 

December 31, 2016. Death due to respiratory disease (ICD-10: J00-J99) was based on the 

underlying cause of death. Since the national Danish Causes of Death Registry lags the national 

Danish Civil Registration System by approximately one year, not all deaths could be classified by 



cause. As follow-up was done using the above-mentioned register linkage based on the unique 

identification number provided to everyone at birth or immigration, no person was lost to follow-up, 

and individuals who emigrated were censored at the date of emigration (n=455). All diagnoses 

recorded in the registries are strictly made by a medical doctor according to national Danish laws 

using the World Health Organisations ICD codes. 

 

Statistical analyses 

Wilcoxon rank-sum and Pearson χ
2
 tests were used for group comparisons. Cox proportional 

regression models were used to determine prognoses. For hospitalisations with exacerbation and 

pneumonia, we carried out multiple failure-time analysis using the Andersen-Gill approach[14]. 

Otherwise, an approach with single failure-time analysis was used. To avoid counting a single event 

multiple times, we chose that hospitalised individuals during follow-up had to be clinically stable 

for at least 4 weeks after discharge before they were at risk for a subsequent event, in accordance 

with previous methodological recommendations[15-17]. We used analyses with left truncation and 

age as the underlying timescale. Competing risk analyses to estimate cumulative incidences used 

the method of Fine & Gray[18] with competing events being all-cause mortality and emigration. 

Since an approach with multiple failure-time analysis does not work using Fine & Gray, we instead 

used an approach with single failure-time analysis for hospitalisations with exacerbation and 

pneumonia. Kaplan-Meier analysis was used to determine cumulative incidence for all-cause 

mortality. Analyses were adjusted for potential confounders of pulmonary and non-pulmonary 

diseases obtained at the baseline examination, including age (as timescale), sex, smoking status, 

cumulative tobacco consumption, FEV1 % predicted, occupational exposure, environmental tobacco 

smoke, fever or infection within the past 4 weeks, body mass index, plasma cholesterol, blood 



pressure, alcohol consumption, cardiovascular disease (ischaemic heart disease, stroke, heart 

failure, and atrial fibrillation), diabetes, and cancer (including among others lung cancer). Detailed 

descriptions of potential confounders can be found in the supplement. Some individuals lacked 

information on some of the potential confounders, and we performed multivariate imputation using 

chained equations to fill out missing values; however, results were similar without imputation. 

Analyses were performed using STATA/SE 13.1 for Windows (StataCorp, College Station, Texas, 

US) and a two-sided P-value <0.05 was considered significant.  

 

RESULTS 

Among 108 246 individuals from the Copenhagen General Population Study, 10 291 (10%) were 

excluded due to known airway disease, i.e. COPD and/or asthma, based on previous inpatient and 

outpatient hospital contacts obtained from the national Danish Patient Registry and/or self-reported 

disease and treatment with airway medication (Figure S1). Among the remaining 97 955 

individuals, 52 999 (54%) had normal spirometry without chronic respiratory symptoms, 30 890 

(32%) had normal spirometry with chronic respiratory symptoms, 7076 (7%) had airflow limitation 

without chronic respiratory symptoms, and 6990 (7%) had airflow limitation with chronic 

respiratory symptoms.  

 

Clinical characteristics 

Compared to individuals with normal spirometry and without chronic respiratory symptoms, 

individuals with chronic respiratory symptoms and/or airflow limitation were older, had lower lung 

function, were more often smokers with a higher tobacco consumption, and had more often non-



pulmonary diseases (Tables 1 and S1). Furthermore, these individuals had greater healthcare use 

with frequent episodes of acute bronchitis and/or pneumonia and visits to the physician’s office 

(Table S2). Among individuals with chronic respiratory symptoms, dyspnoea and wheezing were 

most prevalent symptoms and the distribution of symptoms was comparable between individuals 

with normal spirometry and those with airflow limitation (Table S1). Excluded individuals with 

known airway disease had lower lung function and higher prevalence of symptoms compared to 

those without known airway disease, otherwise no overall differences in clinical characteristics 

(Tables S3 and S4).  

 

Chronic respiratory symptoms and prognosis 

During a median follow-up time of 8.8 years (range up to 14.4 years), we observed 1037 

hospitalisations due to exacerbation, 5743 hospitalisations due to pneumonia, and 8750 deaths, of 

which 463 were due to respiratory disease (Table 1). Among individuals with normal spirometry, 

those with chronic respiratory symptoms compared to those without had an increased risk of 

hospitalisations due to exacerbation and pneumonia, and of respiratory and all-cause mortality, 

including in competing risk analyses and after adjustment for potential confounders of pulmonary 

and non-pulmonary diseases (Figures 1, 2, and S2). Risk estimates were attenuated after adjustment 

for potential confounders of pulmonary rather than non-pulmonary diseases (Figures 2 and S3). 

Compared to individuals with normal spirometry without chronic respiratory symptoms, fully 

adjusted hazard ratios (HRs) for individuals with normal spirometry with chronic respiratory 

symptoms were 1.62 (95% confidence interval: 1.20-2.18) for hospitalisations due to exacerbation, 

1.26 (1.17-1.37) for hospitalisations due to pneumonia, 1.59 (1.22-2.06) for respiratory mortality, 

and 1.19 (1.13-1.25) for all-cause mortality (Figure 2, right panel). Increased risks could already be 



observed after 2 years of follow-up, and risk estimates seemed robust throughout the whole follow-

up period (Figure 3). Results were similar in never-smokers and ever-smokers separately; however, 

risk estimate was reduced and overlapped with 1 in never-smokers for risk of respiratory mortality 

due to the small number of events (Figure 4). All types of chronic respiratory symptoms were 

associated with all outcomes with comparable risk estimates in individuals with normal spirometry 

(Figure 5). There was also a clear dose-response relationship with number of chronic respiratory 

symptoms; higher risk estimates with higher number of symptoms (Figure 5). Results were similar 

after exclusion of individuals with interstitial lung disease from the analyses (Figure S4). Results 

were also similar after inclusion of individuals with known airway disease in the analyses (Figure 

S5) and also when adjusting for type of spirometer during the survey (Figure S6). 

Individuals with airflow limitation had increased risk of respiratory hospitalisations and death 

compared to individuals with normal spirometry and without chronic respiratory symptoms; 

however, after adjustment for potential confounders, those without symptoms only had increased 

risk of hospitalisations due to exacerbation, whereas those with symptoms still had increased risk of 

hospitalisations due to exacerbation and pneumonia, and of death due to respiratory disease (Figure 

2). 

 

DISCUSSION 

In a large sample from a Danish contemporary population-based cohort study, we investigated the 

prognostic significance of chronic respiratory symptoms in individuals with normal spirometry 

without known airway disease. We found that chronic respiratory symptoms are associated with 

respiratory hospitalisations and death in individuals with normal spirometry without known airway 

disease. These are novel findings. 



Among individuals with normal spirometry without known airway disease, 32% reported to have 

chronic respiratory symptoms. Even after adjustment for pulmonary and non-pulmonary disease 

related risk factors, these individuals still had an increased risk of exacerbation of airway disease, 

pneumonia, and death, including deaths from respiratory disease. Although the prognosis of this 

group resembles that for COPD, increased risks could already be observed after 2 years of follow-

up. Thus, it is unlikely that these individuals during this short follow-up time developed airflow 

limitation, even though respiratory symptoms are associated with increased lung function decline 

and development of chronic airflow limitation[19-28]. It is therefore debatable whether we are 

observing true exacerbations or merely exacerbation-like respiratory complications[29,30]. 

Nonetheless, other studies suggest that individuals with normal spirometry and chronic respiratory 

symptoms seem to have evidence of airway disease, including increased airway wall thickness, 

pulmonary emphysema, gas trapping, and abnormal diffusing capacity[6,8,31-35], well-known 

clinical characteristics of COPD. Therefore, it has been speculated whether these individuals have 

early COPD not yet evidenced by airflow limitation[5,11]. Yet, it seems that only a small 

proportion of such individuals progress over time from having chronic respiratory symptoms alone 

to comorbid chronic airflow limitation[27]. Whether COPD should be redefined and include other 

diagnostic criteria besides chronic airflow limitation, or whether these individuals have another 

presently undefined disease seems to elude consensus[5]. In addition, by only including pre-

bronchodilator FEV1 and FVC, we will likely overlook individuals with a certain degree of 

reversibility in lung function despite of absent airflow limitation. Thus, it could be speculated that 

some of these symptomatic individuals with normal spirometry have reversibility, i.e. undiagnosed 

asthma. However, based on previous analyses of individuals with COPD or asthma in the same 

cohort[12,36], the pattern of prognosis we observe is more akin to COPD than asthma. 



Interestingly, we found similar results for analyses restricted to never-smokers, suggesting that we 

are not only observing some form of smoking-related disease. Recently, it was shown that 

approximately half of the cases with COPD develops through a trajectory with accelerated lung 

function decline, while the other half follows a trajectory with low maximal attained lung function 

in early adulthood[3]. Surprisingly, 74% of never-smokers with COPD follow the latter trajectory. 

Additionally, while never-smokers with COPD have milder disease compared to smokers with 

COPD, they still have a poor prognosis with an increased risk of exacerbation and pneumonia[37]. 

Thus, our findings indicate that symptomatic never-smokers with normal spirometry could have 

either early COPD or another underlying respiratory disease. 

Previous studies have also reported exacerbation-like events in individuals with normal 

spirometry[7-10]. In a selected cohort of current and former smokers, those reporting severe 

symptoms compared to those reporting mild symptoms had an increased risk of COPD related 

exacerbations among individuals with normal spirometry[6]. In addition, symptoms, primarily in 

form of chronic cough and phlegm, have been associated with increased risk of death in individuals 

with normal spirometry[38-42]. In contrast to most of these previous studies that have mainly 

focused on smokers or populations selected on other criteria, we investigated the prognostic 

significance of chronic respiratory symptoms in a general population setting. We likewise observed 

an increased risk of respiratory hospitalisations and death despite of taking pulmonary and non-

pulmonary diseases into account in symptomatic individuals with normal spirometry without known 

airway disease. Increased risks could already be observed during the two first years of follow-up, 

for never-smokers alone, for each symptom separately, and with a clear positive dose-response 

relationship between number of symptoms and risk. 

Strengths of the present study include a large contemporary population-based cohort study with 

randomly selected individuals with a long and complete follow-up, and information on clinically 



relevant outcomes. Furthermore, we had information on pulmonary and non-pulmonary disease 

with related risk factors. 

A potential limitation of the present study is that we only have information on lung function and 

chronic respiratory symptoms at the baseline examination, and not during follow-up; however, since 

the increased risks could already be observed after a short follow-up time for all clinical outcomes, 

we believe that this information would be of minor relevance to the aim of this study. Another 

potential limitation is that the available chronic respiratory symptoms are somewhat non-specific 

and could reflect non-respiratory disease. However, the present study also reflects a true clinical 

setting, where patients seek medical assistance with non-specific symptomatology. Nonetheless, all 

types of symptoms were associated with all respiratory outcomes with comparable risk estimates in 

separate analyses. In addition, results were similar when adjusting for non-pulmonary diseases, 

including cardiovascular disease, diabetes, and cancer. Another potential limitation is that we were 

unable to determine symptom severity and thereby disease severity. It seems unlikely that we have 

missed individuals with substantial symptoms, but more likely that we have included more 

individuals with mild symptoms due to the setting. Nonetheless, individuals with mild symptoms 

will only dilute an association and attenuate the risk estimates, and therefore cannot explain our 

observations. Furthermore, there was a clear positive dose-response relationship with all outcomes 

according to number of symptoms. Lastly, another potential limitation is that although ICD codes 

are reported by a medical doctor, there will inevitably be misclassification. However, this type of 

misclassification is likely to be non-differential and would bias towards the null and therefore 

cannot explain our positive results. 

Clinical implications of the present study relate to diagnosis and treatment of airway disease in 

general practice. A normal spirometry alone in symptomatic individuals is not sufficient to preclude 

airway disease. We suggest that these individuals should be reassessed within a short time period, 



and if symptoms persist, they should be offered further investigations for airway disease and, if 

relevant, also effective treatment options for smoking cessation. Future studies should investigate 

what type of treatment should be offered to these individuals. 

In conclusion, chronic respiratory symptoms are associated with respiratory hospitalisations and 

death in individuals with normal spirometry without known airway disease.   
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Table 1. Characteristics according to lung function and chronic respiratory symptoms in individuals in the Copenhagen General Population 
Study without known airway disease.* 

 FEV1/FVC ≥0.70  FEV1/FVC <0.70 

 
No symptoms 

(n=52 999) 
Symptoms 
(n=30 890)

  
No symptoms 

(n=7076) 
Symptoms 
(n=6990)

 

At baseline examination      
Age – yr 55 (47-65) 58 (48-67)‡  66 (57-73)‡ 67 (58-75)‡ 
Men – no. (%) 25 239 (48) 12 482 (40)‡  3467 (49)‡ 3322 (48) 
FEV1 predicted – % 101 (92-109) 96 (86-105)‡

 
 90 (80-100)‡ 81 (68-92)‡ 

FVC predicted – % 101 (93-110) 96 (87-106)‡  107 (96-118)‡ 98 (84-110)‡ 
FEV1/FVC 0.79 (0.76-0.83) 0.79 (0.75-0.82)‡  0.67 (0.63-0.69)‡ 0.66 (0.61-0.68)‡ 
FEV1/FVC <LLN – no. (%) 563 (1) 446 (1)‡  5318 (75)‡ 5479 (78)‡ 
Current smokers – no. (%) 5663 (11) 6926 (22)‡  1344 (19)‡ 2570 (37)‡ 
Former smokers – no (%) 20 869 (39) 12 322 (40)  3262 (46)‡ 3021 (43)‡ 
Tobacco consumption – pack-yr† 11.3 (4.5-22.5) 18.0 (7.5-31.8)‡  19.1 (8.0-33.6)‡ 30.0 (15.0-44.2)‡ 
Occupational exposure – no. (%) 3462 (7) 4149 (13)‡  481 (7) 1069 (15)‡ 
Environmental tobacco smoke – no. (%) 7768 (15) 6483 (21)‡  859 (12)‡ 1231 (18)‡ 
Fever or infection within the past 4 weeks – no. (%) 1287 (2) 1539 (5)‡  188 (3) 397 (6)‡ 
Body mass index – kg/m

2
 25.0 (22.8-27.5) 26.9 (24.2-30.3)‡  24.5 (22.5-26.8)‡ 25.6 (23.2-28.6)‡ 

Plasma cholesterol – mmol/L 5.5 (4.8-6.2) 5.6 (4.9-6.3)‡  5.6 (4.9-6.3)‡ 5.5 (4.8-6.3) 
Systolic blood pressure – mmHg 138 (125-153) 140 (127-155)‡  143 (129-159)‡ 144 (130-160)‡ 
Diastolic blood pressure – mmHg 84 (76-91) 84 (77-92)‡  84 (76-91) 84 (76-91) 
Alcohol – units/week 8 (4-14) 7 (3-15)‡  9 (4-16)‡ 9 (3-17)‡ 
Cardiovascular disease – no. (%) 3534 (7) 4030 (13)‡  850 (12)‡ 1407 (20)‡ 
Diabetes – no. (%) 1572 (3) 1711 (6)‡  277 (4)‡ 446 (6)‡ 
Cancer – no. (%) 2968 (6) 2163 (7)‡  611 (9)‡ 834 (12)‡ 
During follow-up      

Exacerbation hospitalisations – no (%) 129 (<1) 280 (1)  112 (2) 516 (7) 
Pneumonia hospitalisations – no (%) 1908 (4) 2071 (7)  577 (8) 1187 (17) 
Respiratory deaths – no (%) 94 (<1) 163 (<1)  56 (<1) 150 (2) 
Deaths – no (%) 3009 (6) 3254 (11)  897 (13) 1590 (23) 

 1 
*Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Data presented as median and 25th and 75th percentiles, or number (percent). FEV1=forced expiratory volume in 1 second. 2 
FVC=forced vital capacity. LLN=the lower limit of normal. 3 
†Only for current and former smokers. 4 
‡P<0.05 for comparison with individuals with FEV1FVC ≥0.70 and no symptoms at baseline examination, obtained from Wilcoxon rank-sum or Pearson χ

2
 tests. 5 



 

FIGURE LEGENDS 

 

Figure 1. Cumulative incidences and risk of respiratory hospitalisations and death according 

to chronic respiratory symptoms in individuals with normal spirometry without known 

airway disease. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and 

cough. For hospitalisations due to exacerbation and pneumonia and for respiratory mortality, 

cumulative incidences and subhazard ratios (SHRs) with 95% confidence intervals (CIs) were 

obtained from competing risk analyses using Fine & Gray regression model with competing events 

being all-cause mortality and emigration. For all-cause mortality, cumulative incidences were 

obtained from Kaplan-Meier analysis and hazard ratio (HR) with 95% CI from Cox proportional 

regression model. P-values were from Wald’s tests. Analyses were automatically adjusted for age 

by using left truncation with age as the underlying timescale.  

 

Figure 2. Risk of respiratory hospitalisations and death according to lung function and 

chronic respiratory symptoms in individuals without known airway disease. Symptoms 

included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Hazard ratios (HRs) with 

95% confidence intervals (CIs) were obtained from Cox proportional regression model. P-values 

were from Wald’s tests. Analyses were automatically adjusted for age by using left truncation with 

age as the underlying timescale. Pulmonary disease related confounders included smoking status, 

cumulative tobacco consumption, forced expiratory volume in 1 second (FEV1) % predicted, 

occupational exposure, and environmental tobacco smoke. Non-pulmonary disease related 

confounders included smoking status, cumulative tobacco consumption, fever or infection within 

the past 4 weeks, body mass index, plasma cholesterol, blood pressure, alcohol consumption, 



 

cardiovascular disease (ischaemic heart disease, stroke, heart failure, and atrial fibrillation), 

diabetes, and cancer.  

 

Figure 3. Follow-up time and risk of respiratory hospitalisations and death according to 

chronic respiratory symptoms in individuals with normal spirometry without known airway 

disease. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. 

Hazard ratios (HRs) with 95% confidence intervals (CIs) were obtained from Cox proportional 

regression model. Analyses were adjusted for age (not as timescale), sex, and pulmonary and non-

pulmonary disease related confounders, including smoking status, cumulative tobacco consumption, 

forced expiratory volume in 1 second (FEV1) % predicted, occupational exposure, environmental 

tobacco smoke, fever or infection within the past 4 weeks, body mass index, plasma cholesterol, 

blood pressure, alcohol consumption, cardiovascular disease (ischaemic heart disease, stroke, heart 

failure, and atrial fibrillation), diabetes, and cancer. 

 

Figure 4. Smoking habits and risk of respiratory hospitalisations and death according to lung 

function and chronic respiratory symptoms in individuals without known airway disease. 

Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Hazard ratios 

(HRs) with 95% confidence intervals (CIs) were obtained from Cox proportional regression model. 

P-values were from Wald’s test. Analyses were automatically adjusted for age by using left 

truncation with age as the underlying timescale. Pulmonary and non-pulmonary disease related 

confounders included smoking status, cumulative tobacco consumption, forced expiratory volume 

in 1 second (FEV1) % predicted, occupational exposure, environmental tobacco smoke, fever or 

infection within the past 4 weeks, body mass index, plasma cholesterol, blood pressure, alcohol 



 

consumption, cardiovascular disease (ischaemic heart disease, stroke, heart failure, and atrial 

fibrillation), diabetes, and cancer. 

 

Figure 5. Risk of respiratory hospitalisations and death according to type and number of 

chronic respiratory symptoms in individuals with normal spirometry without known airway 

disease. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. 

Hazard ratios (HRs) with 95% confidence intervals (CIs) were obtained from Cox proportional 

regression model. P-values were from Wald’s tests. Analyses were automatically adjusted for age 

by using left truncation with age as the underlying timescale. Pulmonary and non-pulmonary 

disease related confounders included smoking status, cumulative tobacco consumption, forced 

expiratory volume in 1 second (FEV1) % predicted, occupational exposure, environmental tobacco 

smoke, fever or infection within the past 4 weeks, body mass index, plasma cholesterol, blood 

pressure, alcohol consumption, cardiovascular disease (ischaemic heart disease, stroke, heart 

failure, and atrial fibrillation), diabetes, and cancer.  
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All-cause mortality
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No. of 

individuals/events

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Exacerbation hospitalisations

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Pneumonia hospitalisations

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Respiratory mortality

52 999/94

30 890/163

7076/56

6990/150

52 999/129

30 890/280

7076/112

6990/516

52 999/1908

30 890/2071

7076/577

6990/1187

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

All-cause mortality

52 999/3009

30 890/3254

7076/897

6990/1590

Adjusted for age and sex

HR (95% CI) P-value

HR (95% CI)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

HR (95% CI) P-value

Adjusted for age, sex, and 

pulmonary disease confounders

HR (95% CI) P-value

Adjusted for age, sex, and pulmonary and 

non-pulmonary disease confounders

1 [Reference]

1.62 (1.20-2.18)

1.70 (1.17-2.47)
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1 [Reference]
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1 [Reference]

1.25 (1.19-1.32)
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1.12 (1.04-1.20)

<0.001

0.006

<0.001

<0.001

0.82

<0.001

<0.001

<0.001

0.39

<0.001

0.04

0.002

10.5 2 3 5 10 30

1 [Reference]

3.34 (2.49-4.46)

5.03 (3.46-7.32)

22.5 (17.0-29.7)

1 [Reference]

1.59 (1.48-1.71)

1.43 (1.27-1.60)

2.69 (2.46-2.96)

1 [Reference]

2.30 (1.78-2.97)

2.09 (1.50-2.92)

4.84 (3.69-6.35)

1 [Reference]

1.51 (1.44-1.58)

1.22 (1.14-1.32)

1.92 (1.81-2.05)

0.5 2 3 5 10 301
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No. of individuals = 83 889

No. of events = 3979

No. of individuals = 83 889

No. of events = 257

No. of individuals = 83 889

No. of events = 6263
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Never-smokers

Exacerbation hospitalisations

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Current and former smokers

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Never-smokers

Pneumonia hospitalisations

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Current and former smokers

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Never-smokers

Respiratory mortality

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Current and former smokers

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Never-smokers

All-cause mortality

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

Current and former smokers

Normal spirometry without chronic respiratory symptoms

Normal spirometry with chronic respiratory symptoms

Airflow limitation without chronic respiratory symptoms

Airflow limitation with chronic respiratory symptoms

No. of 

individuals/events

Adjusted for age and sex

HR (95% CI) P-value

HR (95% CI)

HR (95% CI) P-value

Adjusted for age, sex, and pulmonary and

non-pulmonary disease confounders

HR (95% CI)

26 230/46

26 230/1122

26 769/1887

1 [Reference]

1.65 (1.03-2.64)

0.48 (0.16-1.43)
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1.69 (1.23-2.33)

1.30 (0.89-1.92)

1.81 (1.29-2.54)

1 [Reference]

1.12 (1.02-1.23)

0.91 (0.78-1.06)
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1 [Reference]

1.22 (1.14-1.30)
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<0.001

0.009
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0.76
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0.18
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0.23

0.66
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0.18
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2.28 (1.40-3.72)

0.81 (0.28-2.31)
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3.52 (2.43-5.09)

5.79 (3.75-8.93)

21.6 (15.2-30.6)
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1.44 (1.26-1.64)

1.11 (0.90-1.38)

2.08 (1.67-2.59)

1 [Reference]

1.60 (1.47-1.75)

1.49 (1.30-1.71)
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2.58 (1.40-4.75)

1 [Reference]

2.39 (1.76-3.25)

2.37 (1.62-3.47)

5.04 (3.68-6.90)

1 [Reference]

1.30 (1.19-1.42)

1.04 (0.91-1.20)

1.35 (1.17-1.56)

1 [Reference]

1.54 (1.45-1.64)

1.25 (1.14-1.36)

1.95 (1.82-2.09)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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0.001

0.69
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11 576/54

2445/4

1383/26

26 769/83
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5607/490
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26 769/1165

19 314/1472

4631/450

5607/1012

26 230/33

11 576/40

2445/8

1383/17

26 769/61

19 314/123

4631/48

5607/133
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2445/220

1383/233

19 314/2356

4631/677
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10 10



No. of 

individuals/events

Type of chronic respiratory symptom

Exacerbation hospitalisations

Adjusted for age and sex

HR (95% CI) P-value*

HR (95% CI)

HR (95% CI) P-value*

Adjusted for age, sex, and pulmonary and

non-pulmonary disease confounders

HR (95% CI)

Normal spirometry without chronic respiratory symptoms

Normal spirometry with dyspnoea

Normal spirometry with chronic mucus hypersecretion

Normal spirometry with wheezing

52 999/129

Normal spirometry with cough

Number of chronic respiratory symptoms

Normal spirometry without chronic respiratory symptoms

Normal spirometry with 1 chronic respiratory symptom

Normal spirometry with 2 chronic respiratory symptoms

Normal spirometry with 3 chronic respiratory symptoms

Normal spirometry with 4 chronic respiratory symptoms

Type of chronic respiratory symptom

Pneumonia hospitalisations

Normal spirometry without chronic respiratory symptoms

Normal spirometry with dyspnoea

Normal spirometry with chronic mucus hypersecretion

Normal spirometry with wheezing

Normal spirometry with cough

Number of chronic respiratory symptoms

Normal spirometry without chronic respiratory symptoms

Normal spirometry with 1 chronic respiratory symptom

Normal spirometry with 2 chronic respiratory symptoms

Normal spirometry with 3 chronic respiratory symptoms

Normal spirometry with 4 chronic respiratory symptoms

Type of chronic respiratory symptom

Respiratory mortality

Normal spirometry without chronic respiratory symptoms

Normal spirometry with dyspnoea

Normal spirometry with chronic mucus hypersecretion

Normal spirometry with wheezing

Normal spirometry with cough

Number of chronic respiratory symptoms

Normal spirometry without chronic respiratory symptoms

Normal spirometry with 1 chronic respiratory symptom

Normal spirometry with 2 chronic respiratory symptoms

Normal spirometry with 3 chronic respiratory symptoms

Normal spirometry with 4 chronic respiratory symptoms

Type of chronic respiratory symptom

All-cause mortality

Normal spirometry without chronic respiratory symptoms

Normal spirometry with dyspnoea

Normal spirometry with chronic mucus hypersecretion

Normal spirometry with wheezing

Normal spirometry with cough

Number of chronic respiratory symptoms

Normal spirometry without chronic respiratory symptoms

Normal spirometry with 1 chronic respiratory symptom

Normal spirometry with 2 chronic respiratory symptoms

Normal spirometry with 3 chronic respiratory symptoms

Normal spirometry with 4 chronic respiratory symptoms

1 [Reference]

3.21 (2.35-4.39)

4.88 (3.18-7.51)

6.91 (4.97-9.61)

5.94 (4.08-8.65)

1 [Reference]

1.98 (1.40-2.81)

4.79 (3.29-6.97)

5.85 (3.73-9.18)

16.7 (8.87-31.5)

1 [Reference]

1.60 (1.48-1.73)

2.10 (1.87-2.35)

1.95 (1.76-2.16)

2.01 (1.79-2.26)

1 [Reference]

1.36 (1.25-1.48)

1.83 (1.63-2.05)

2.22 (1.90-2.60)

3.36 (2.66-4.26)

1 [Reference]

2.29 (1.74-3.01)

3.05 (2.14-4.36)

3.41 (2.45-4.75)

3.45 (2.38-5.00)

1 [Reference]

1.84 (1.37-2.45)

2.71 (1.87-3.94)

3.46 (2.12-5.64)

6.87 (3.62-13.1)

1 [Reference]

1.53 (1.45-1.62)

1.83 (1.69-1.98)

1.73 (1.61-1.87)

1.77 (1.63-1.93)
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Lung function 

Information on lung function was obtained from the physical health examination, obtained from a trained healthcare 

professional according to internal standard operating procedures in spirometry performance in the Copenhagen General 

Population Study. In the first 14 625 participants, spirometry was performed using a Vitalograph (Maids Moreton, 

Buckinghamshire, United Kingdom), and in the remaining participants, it was performed using an EasyOne Spirometer 

(ndd Medical Technologies, Zurich, Switzerland). It was necessary to replace the Vitalograph, as it stopped functioning 

in 2005. The Vitalograph was calibrated daily with a 1-L syringe and the EasyOne Spirometer was verified regularly 

with a 3-L syringe, as recommended by the manufacturers. Spirometry was performed in a standing position without the 

use of a nose-clip under strict instructions from a healthcare professional. Only pre-bronchodilator measurements of 

forced expiratory volume in 1 second (FEV1) and forced vital capacity (FVC) were performed. FEV1 and FVC were 
typically measured with at least three sets of values. A valid spirometry performance was based on at least two 

measurements differing by less than 5% and a correct visual inspection of the spirometry curves. Only the highest 

measurements of FEV1 and FVC were used. Predicted values of FEV1, FVC, and FEV1/FVC were calculated separately 

for the two spirometers using internally derived reference values based on a subsample of healthy asymptomatic (i.e. 

without dyspnoea, chronic mucus hypersecretion, cough, or wheezing) never-smoking individuals without any chronic 

disease with age and height as covariates separately for men and women. Presence of chronic disease was determined 

according to the questionnaire and the national Danish Patient Registry and included among others respiratory disease, 

cardiovascular disease, diabetes, and cancer. In total, predicted values were based on 11 288 individuals aged 20-100 

years from the Copenhagen General Population Study and the Copenhagen City Heart Study, another Danish 

population-based prospective cohort study with similar form of recruitment. The lower limit of normal (LLN) of 

FEV1/FVC, defined as the bottom 5th percentile of the predicted value, was calculated as the mean value minus 1.645 

standard deviations. 

 

Chronic respiratory symptoms 

Information on chronic respiratory symptoms was obtained from the questionnaire and confirmed at the day of 

attendance by a healthcare professional together with the participant. Chronic respiratory symptoms included dyspnoea, 

chronic mucus hypersecretion, wheezing, and cough. Dyspnoea was defined as an affirmative response to at least one of 

the following questions: “Do you get breathless when hurrying on level ground or walking up a slight hill?”, “Do you 

get breathless when walking on level ground with people of the same age?”, “Do you stop for a breath when walking on 

level ground in your own tempo?”, “Do you occasionally wake up at night because of breathlessness or troubled 

breathing?”, “Do you get breathless when taking a bath or getting dressed?”, “Do you get breathless while seated and/or 

at rest?”, and “Are you often bothered by breathlessness?”. A value of the modified Medical Research Council 
dyspnoea scale ≥2 was defined as an affirmative response to at least one of the following questions: “Do you get 

breathless when walking on level ground with people of the same age?”, “Do you stop for a breath when walking on 

level ground in your own tempo?”, and “Do you get breathless when taking a bath or getting dressed?”. Night-time 

dyspnoea was defined as an affirmative response to the question: “Do you occasionally wake up at night because of 

breathlessness or troubled breathing?”. Chronic mucus hypersecretion was defined as an affirmative response to the 

question: “Do you cough up phlegm from the lungs in the morning and/or during the day as long as three consecutive 

months each year?”. Wheezing was defined as an affirmative response to the question: “Do you occasionally have 

whistling or wheezing while breathing?”. Cough was defined as an affirmative response to the question: “Do you 

occasionally cough during activity?”. 

 

Potential confounders 

Information on potential confounders was obtained from the questionnaire, physical health examination, blood samples, 

and the national health registries we have in Denmark. Precise age and sex was obtained from the national Danish Civil 

Registration System. Smoking status was defined as never, former, or current smoking. Cumulative tobacco 

consumption was calculated in pack-years based on information on age at smoking initiation and cessation, duration of 

tobacco consumption, and amount of consumed tobacco (number of daily consumed cigarettes, cheroots, and cigars and 

grams of weekly consumed pipe tobacco); i.e., a pack-year was 20 cigarettes or equivalent smoked daily for a year. 

FEV1 % predicted was calculated as indicated above. Occupational exposure was defined as an affirmative response to 

the question: “Have you for longer periods of your working life been exposed to dust or fumes?”. Environmental 

tobacco smoke was reported as exposure to passive smoking in hours per day. Fever or infection within the past 4 



weeks was if individuals reported fever, bronchitis, or urinary tract infections up to 4 weeks before the day of 

enrolment. Body mass index was calculated as measured weight divided by measured height squared (kg/m
2
). Plasma 

cholesterol was measured using standard hospital assays. Systolic and diastolic blood pressures were measured using 

automated equipment. Alcohol consumption was reported in units per week and converted to grams (1 unit = 12 g of 

alcohol). Information on cardiovascular diseases, including ischaemic heart disease (International Classification of 

Diseases [ICD]-8: 410-414 and ICD-10: I20-I25), stroke (ICD-8: 432-435 and ICD-10: I60, I61, I63-I64, G45), heart 

failure (ICD-8: 427.09-427.11 and ICD-10: I50), and atrial fibrillation (ICD-8: 427.93-427.94 and ICD-10: I48), was 

obtained from the national Danish Patient Registry defined as all inpatient and outpatient hospital contacts. Information 

on diabetes was based on self-report, nonfasting plasma glucose >11 mmol/L, use of antidiabetic medication, and/or all 

inpatient and outpatient hospital contacts from the national Danish Patient Registry (ICD-8: 249-250 and ICD-10: E10-

E14). Information on cancer, excluding non-melanoma skin cancer cases, was obtained from the national Danish 

Cancer Registry, which records all cancer forms in Denmark. Cancer included both a history of cancer and active 

cancer. 

 

 

 

 

 

 

 



Table S1. Detailed characteristics of lung function and chronic respiratory symptoms in individuals in the Copenhagen General Population 
Study without known airway disease.* 

 FEV1/FVC ≥0.70  FEV1/FVC <0.70 

 
No symptoms 

(n=52 999) 
Symptoms 
(n=30 890)

  
No symptoms 

(n=7076) 
Symptoms 
(n=6990)

 

FEV1 predicted – % 101 (92-109) 96 (86-105)†
 

 90 (80-100)† 81 (68-92)† 

FVC predicted – % 101 (93-110) 96 (87-106)†  107 (96-118)† 98 (84-110)† 

FEV1/FVC 0.79 (0.76-0.83) 0.79 (0.75-0.82)†  0.67 (0.63-0.69)† 0.66 (0.61-0.68)† 

FEV1/FVC <LLN – no. (%) 563 (1) 446 (1)†  5318 (75)† 5479 (78)† 

FEV1 predicted ≥80% – no (%) 50 349 (95) 26 796 (87)†  5271 (74)† 3612 (52)† 

FEV1 predicted 50-79% – no (%) 2626 (5) 4030 (13)†  1730 (24)† 3014 (43)† 

FEV1 predicted 30-49% – no (%) 19 (<1) 60 (<1)†  70 (1)† 345 (5)† 

FEV1 predicted <30% – no (%) 5 (<1) 4 (<1)  5 (<1)† 19 (<1)† 

Dyspnoea – no (%) 0 (0) 23 133 (75)†  0 (0) 5315 (76)† 

mMRC ≥2 – no. (%) 0 (0) 4937 (16)†  0 (0) 1513 (22)† 

Night-time dyspnoea – no. (%) 0 (0) 2115 (7)†  0 (0) 392 (6)† 

Chronic mucus hypersecretion – no. (%) 0 (0) 5279 (17)†  0 (0) 1799 (26)† 

Wheezing – no. (%) 0 (0) 9744 (32)†  0 (0) 2752 (39)† 

Cough – no. (%) 0 (0) 7432 (24)†  0 (0) 1815 (26)† 
 

*Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Data presented as number (percent). FEV1=forced expiratory volume in 1 second. FVC=forced vital capacity. LLN=the lower limit of normal. 
†P<0.05 for comparison with individuals with FEV1FVC ≥0.70 and no symptoms at baseline examination, obtained from Wilcoxon rank-sum or Pearson χ

2
 tests. 

 

 

 

 

 

 

 

Table S2. Healthcare utilisation according to lung function and chronic respiratory symptoms in individuals in the Copenhagen General 
Population Study without known airway disease.* 

 FEV1/FVC ≥0.70  FEV1/FVC <0.70 



 
No symptoms 

(n=52 999) 
Symptoms 
(n=30 890)

  
No symptoms 

(n=7076) 
Symptoms 
(n=6990)

 

Acute bronchitis/pneumonia episodes for the past 10 years       

    None – no. (%) 45 367 (86) 22 257 (72)†  5884 (83)† 4733 (68)† 

    1-5 – no. (%) 7493 (14) 8071 (26)†  1169 (17)† 2063 (30)† 

    ≥6 – no. (%) 139 (<1) 562 (2)†  23 (<1) 194 (3) 

General practitioner visits in the past 12 months      

    0-1 time – no. (%) 27 135 (51) 11 192 (36)†  3216 (45)† 2331 (33)† 

    2-3 times – no. (%) 17 093 (32) 10 580 (34)†  2341 (33) 2343 (34)† 
    4-5 times – no. (%) 5848 (11) 5264 (17)†  971 (14)† 1303 (19)† 
    >5 times – no. (%) 2923 (6) 3854 (12)†  548 (8)† 1013 (14)† 
Specialised practitioner visits in the past 12 months      

    0-1 time – no. (%) 42 748 (81) 22 884 (74)†  5408 (76)† 5053 (72)† 

    2-3 times – no. (%) 6830 (13) 5068 (16)†  1131 (16)† 1248 (18)† 
    4-5 times – no. (%) 1773 (3) 1506 (5)†  274 (4)† 366 (5)† 

    >5 times – no. (%) 1648 (3) 1432 (5)†  263 (4)† 323 (5)† 
 

*Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Data presented as number (percent). FEV1=forced expiratory volume in 1 second. FVC=forced vital capacity. 
†P<0.05 for comparison with individuals with FEV1FVC ≥0.70 and no symptoms at baseline examination, obtained from Wilcoxon rank-sum or Pearson χ

2
 tests. 

 

 

 

 

 

 

 

 

Table S3. Characteristics according to lung function and chronic respiratory symptoms in individuals in the Copenhagen General Population 
Study with known airway disease that were excluded.* 

 FEV1/FVC ≥0.70  FEV1/FVC <0.70 

 
No symptoms 

(n=1555) 
Symptoms 
(n=4769)

  
No symptoms 

(n=520) 
Symptoms 
(n=3447)

 

At baseline examination      



Age – yr 54 (46-65) 56 (47-66)‡  65 (55-72)‡ 67 (58-75)‡ 
Men – no. (%) 684 (44) 1649 (35)‡  264 (51)‡ 1564 (45) 
FEV1 predicted – % 97 (89-106) 92 (82-102)‡  81 (70-91)‡ 67 (53-81)‡ 
FVC predicted – % 99 (91-108) 94 (84-103)‡  100 (89-111) 86 (73-100)‡ 
FEV1/FVC 0.78 (0.74-0.82) 0.77 (0.74-0.81)  0.64 (0.60-0.68)‡ 0.62 (0.54-0.67)‡ 
FEV1/FVC <LLN – no. (%) 30 (2) 141 (3)‡  452 (87)‡ 3100 (90)‡ 
Current smokers – no. (%) 135 (9) 786 (16)‡  73 (14)‡ 959 (28)‡ 
Former smokers – no (%) 605 (39) 1965 (41)  286 (55)‡ 1809 (52)‡ 
Tobacco consumption – pack-yr† 10.7 (4.5-23.8) 15.0 (6.0-30.0)‡  18.4 (7.5-33.0)‡ 30.0 (15.3-46.4)‡ 
Occupational exposure – no. (%) 113 (7) 739 (16)‡  40 (8) 754 (22)‡ 
Environmental tobacco smoke – no. (%) 221 (14) 1010 (21)‡  73 (14) 605 (18)‡ 
Fever or infection within the past 4 weeks – no. (%) 50 (3) 410 (9)‡  11 (2) 351 (10)‡ 
Body mass index – kg/m

2
 25.0 (22.9-27.5) 26.8 (24.0-30.2)‡  24.6 (22.5-26.5)‡ 25.8 (23.4-28.8)‡ 

Plasma cholesterol – mmol/L 5.5 (4.8-6.2) 5.6 (4.9-6.3)‡  5.6 (5.0-6.3)‡ 5.6 (4.8-6.3)‡ 
Systolic blood pressure – mmHg 137 (124-152) 138 (125-153)  145 (129-159)‡ 142 (130-158)‡ 
Diastolic blood pressure – mmHg 84 (76-90) 84 (76-90)  84 (77-91) 84 (76-90) 
Alcohol – units/week 7 (3-14) 6 (2-13)‡  10 (4-17)‡ 8 (3-16 ‡ 
Cardiovascular disease – no. (%) 113 (7) 581 (12)‡  73 (14)‡ 767 (22)‡ 
Diabetes – no. (%) 51 (3) 277 (6)‡  21 (4) 248 (7)‡ 
Cancer – no. (%) 95 (6) 293 (6)  53 (10)‡ 411 (12)‡ 
Exclusion criteria      
   Previous inpatient/outpatient hospital contact with COPD – no. (%) 146 (9) 614 (13)‡  129 (25)‡ 1387 (40)‡ 
   Previous inpatient/outpatient hospital contact with asthma – no. (%) 448 (29) 1361 (29)  190 (37)‡ 950 (28) 
   Self-reported asthma – no. (%) 866 (56) 3400 (71)‡  297 (57) 1995 (58) 
   Self-reported treatment with airway medication – no. (%) 773 (50) 2973 (62)‡  277 (53) 2478 (72)‡ 
During follow-up      
Exacerbation hospitalisations – no (%) 30 (2) 406 (9)  50 (10) 1774 (51) 
Pneumonia hospitalisations – no (%) 95 (6) 562 (12)  78 (15) 1298 (38) 
Respiratory deaths – no (%) 4 (<1) 53 (1)  5 (1) 237 (7) 
Deaths – no (%) 95 () 454 (10)  62 (12) 977 (28) 

 

*Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Data presented as median and 25th and 75th percentiles, or number (percent). FEV1=forced expiratory volume in 1 second. FVC=forced vital 
capacity. LLN=the lower limit of normal. 
†Only for current and former smokers. 
‡P<0.05 for comparison with individuals with FEV1FVC ≥0.70 and no symptoms at baseline examination, obtained from Wilcoxon rank-sum or Pearson χ

2
 tests. 

Table S4. Detailed characteristics of lung function and chronic respiratory symptoms in individuals in the Copenhagen General Population 
Study with known airway disease that were excluded.* 

 FEV1/FVC ≥0.70  FEV1/FVC <0.70 

 
No symptoms 

(n=1555) 
Symptoms 
(n=4769)

  
No symptoms 

(n=520) 
Symptoms 
(n=3447)

 

FEV1 predicted – % 97 (89-106) 92 (82-102)‡  81 (70-91)‡ 67 (53-81)‡ 

FVC predicted – % 99 (91-108) 94 (84-103)‡  100 (89-111) 86 (73-100)‡ 

FEV1/FVC 0.78 (0.74-0.82) 0.77 (0.74-0.81)  0.64 (0.60-0.68)‡ 0.62 (0.54-0.67)‡ 



FEV1/FVC <LLN – no. (%) 30 (2) 141 (3)‡  452 (87)‡ 3100 (90)‡ 

FEV1 predicted ≥80% – no (%) 1422 (91) 3759 (79)‡  273 (53)‡ 883 (26)‡ 

FEV1 predicted 50-79% – no (%) 130 (8) 975 (20)‡  231 (44)‡ 1824 (53)‡ 

FEV1 predicted 30-49% – no (%) 3 (<1) 32 (1)‡  15 (3)‡ 629 (18)‡ 

FEV1 predicted <30% – no (%) 0 (0) 3 (<1)  1 (<1) 111 (3)‡ 

Dyspnoea – no (%) 0 (0) 3153 (66)‡  0 (0) 2764 (80)‡ 

mMRC ≥2 – no. (%) 0 (0) 1093 (23)‡  0 (0) 1381 (40)‡ 

Night-time dyspnoea – no. (%) 0 (0) 764 (16)‡  0 (0) 585 (17)‡ 

Chronic mucus hypersecretion – no. (%) 0 (0) 1204 (25)‡  0 (0) 1258 (37)‡ 

Wheezing – no. (%) 0 (0) 3299 (69)‡  0 (0) 2441 (71)‡ 

Cough – no. (%) 0 (0) 2209 (46)‡  0 (0) 1591 (46)‡ 
 

*Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Data presented as number (percent).  FEV1=forced expiratory volume in 1 second. FVC=forced vital capacity. LLN=the lower limit of normal. 
†P<0.05 for comparison with individuals with FEV1FVC ≥0.70 and no symptoms at baseline examination, obtained from Wilcoxon rank-sum or Pearson χ

2
 tests. 

 

 

 

 

 



 
 
Figure S1. Flowchart. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. COPD=chronic obstructive 

pulmonary disease. FEV1=forced expiratory volume in 1 second. FVC=forced vital capacity. 

 

 

 



 
 
Figure S2. Cumulative incidences and risk of respiratory hospitalisations and death according to chronic respiratory symptoms 
in individuals with normal spirometry without known airway disease. Symptoms included dyspnoea, chronic mucus hypersecretion, 

wheezing, and cough. Cumulative incidences and subhazard ratios (SHRs) with 95% confidence intervals (CIs) were obtained from 

competing risk analyses using Fine & Gray regression model with competing events being all-cause mortality and emigration. P-values 

were from Wald’s tests. Analyses were multivariable adjusted, that is, for age (as timescale), sex, and pulmonary and non-pulmonary 

related confounders, including smoking status, cumulative tobacco consumption, forced expiratory volume in 1 second (FEV1) % 

predicted, occupational exposure, environmental tobacco smoke, fever or infection within the past 4 weeks, body mass index, plasma 

cholesterol, blood pressure, alcohol consumption, cardiovascular disease (ischaemic heart disease, stroke, heart failure, and atrial 

fibrillation), diabetes, and cancer. 



 
 

Figure S3. Risk of respiratory hospitalisations and death according to lung function and chronic respiratory symptoms in 
individuals without known airway disease. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. 

Hazard ratios (HRs) with 95% confidence intervals (CIs) were obtained from Cox proportional regression model. P-values were from 

Wald’s tests. Analyses were automatically adjusted for age by using left truncation with age as the underlying timescale. Analyses were 

multivariable adjusted for non-pulmonary disease related confounders, that is, for smoking status, cumulative tobacco consumption, 

fever or infection within the past 4 weeks, body mass index, plasma cholesterol, blood pressure, alcohol consumption, cardiovascular 

disease (ischaemic heart disease, stroke, heart failure, and atrial fibrillation), diabetes, and cancer.



 
 
Figure S4. Risk of respiratory hospitalisations and death according to lung function and chronic respiratory symptoms in individuals without known airway disease. Individuals with 

interstitial lung disease excluded (International Classification of Diseases [ICD]-8: 515-517 and ICD-10: J84, J60-J70). Information was obtained from the national Danish Patient Registry defined 

as all inpatient and outpatient hospital contacts. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. Hazard ratios (HRs) with 95% confidence intervals (CIs) were 

obtained from Cox proportional regression model. P-values were from Wald’s tests. Analyses were automatically adjusted for age by using left truncation with age as the underlying timescale. 

Pulmonary and non-pulmonary disease related confounders included smoking status, cumulative tobacco consumption, forced expiratory volume in 1 second (FEV1) % predicted, occupational 

exposure, environmental tobacco smoke, fever or infection within the past 4 weeks, body mass index, plasma cholesterol, blood pressure, alcohol consumption, cardiovascular disease (ischaemic 
heart disease, stroke, heart failure, and atrial fibrillation), diabetes, and cancer. 

 

 

 

 

 

 



 
 
Figure S5. Risk of respiratory hospitalisations and death according to lung function and chronic respiratory symptoms in individuals with and without known airway disease. Information 

was obtained from the national Danish Patient Registry defined as all inpatient and outpatient hospital contacts. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. 

Hazard ratios (HRs) with 95% confidence intervals (CIs) were obtained from Cox proportional regression model. P-values were from Wald’s tests. Analyses were automatically adjusted for age by 

using left truncation with age as the underlying timescale. Pulmonary and non-pulmonary disease related confounders included smoking status, cumulative tobacco consumption, forced expiratory 

volume in 1 second (FEV1) % predicted, occupational exposure, environmental tobacco smoke, fever or infection within the past 4 weeks, body mass index, plasma cholesterol, blood pressure, 

alcohol consumption, cardiovascular disease (ischaemic heart disease, stroke, heart failure, and atrial fibrillation), diabetes, and cancer. 

 



 
 

Figure S6. Risk of respiratory hospitalisations and death according to lung function and chronic respiratory symptoms in 
individuals without known airway disease. Symptoms included dyspnoea, chronic mucus hypersecretion, wheezing, and cough. 

Hazard ratios (HRs) with 95% confidence intervals (CIs) were obtained from Cox proportional regression model. P-values were from 

Wald’s tests. Analyses were automatically adjusted for age by using left truncation with age as the underlying timescale. Pulmonary and 

non-pulmonary disease related confounders included type of spirometer, smoking status, cumulative tobacco consumption, forced 

expiratory volume in 1 second (FEV1) % predicted, occupational exposure, environmental tobacco smoke, fever or infection within the 

past 4 weeks, body mass index, plasma cholesterol, blood pressure, alcohol consumption, cardiovascular disease (ischaemic heart 

disease, stroke, heart failure, and atrial fibrillation), diabetes, and cancer. 

 

 


