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ABSTRACT 
Background: International guidelines recommend that pulmonary reference populations 
consist of never-smokers without respiratory diseases or symptoms, but the diseases and 
symptoms are not clearly specified. The present study aimed to identify simple exclusion 
criteria for defining pulmonary reference populations. Methods: Based on a random sample 
from a general population (the parent population), 2358 subjects aged 26 to 82 years 
performed spirometry. From this sample, subjects were stepwise excluded according to self-
reported obstructive lung diseases, symptoms and smoking history. Four increasingly more 
healthy respiratory reference populations were formed. Prediction equations for median and 
lower limit of normal lung function were derived using quantile regression analysis. Results: 
Subjects without self-reported obstructive lung diseases or the cardinal respiratory symptoms 
breathlessness, cough or wheeze (population B), never-smokers without cardinal symptoms 
(population C) and never-smokers without any respiratory symptoms (population D) 
constituted 50% (n=1184), 23% (n=539) and 14% (n=331) of the parent population 
(population A), respectively. The largest discrepancy between prediction equations was found 
between the parent population and the population without cardinal respiratory symptoms 
(population B) (p < 0.05). Minor changes in the reference equations were also seen when 
excluding ever-smokers (population C). There was no additional change with exclusion of 
other respiratory symptoms (population D). Age-related decline in lung function was steepest 
in the parent population. Conclusions: Obstructive lung diseases, smoking history, 
breathlessness, cough and wheeze were optimal exclusion criteria for a pulmonary reference 
population. We recommend further validation of the exclusion criteria identified in this study 
with identical wording in other and larger multinational populations.  
WORD COUNT: 253 
KEY WORDS: spirometry, reference values, lung diseases, respiratory function tests.
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INTRODUCTION 
According to recommendations from the American Thoracic Society (ATS), reference values 
for normal lung function should be derived from lifetime non-smokers free of respiratory 
diagnoses and symptoms (1). The newly released joint guidelines from the ATS and the 
European Respiratory Society (ERS) also support these recommendations (2). The general 
nature of such recommendations opens up for various interpretations regarding exactly which 
respiratory symptoms should be excluded from a reference population.  
During the last 30 years, numerous reference values for normal lung function have been 
published (3-17). Although they have all been estimated on the basis of healthy reference 
populations, the definition of a healthy population has varied from study to study. 
Consequently, there is considerable variation in the relative size and characteristics of 
reference populations. No previous study has assessed the implications of different reference 
population definitions for pulmonary prediction equations in a general population. 
Existing literature shows an association between reduced forced expiratory volume in one 
second (FEV1) and the respiratory symptoms wheeze, breathlessness and cough (18-21). 
Chronic phlegm, on the other hand, has in some surveys not been associated with airflow 
obstruction or reduced FEV1 levels (19), suggesting that perhaps not all respiratory symptoms 
need to be accounted for in a healthy reference population used for derivation of reference 
values.  
The main objective of our study was to identify simple exclusion criteria for defining 
pulmonary reference populations. We compared pre-bronchodilator reference values derived 
from population samples representing increasingly healthier and narrower reference 
population definitions with regard to respiratory status.  
 
MATERIAL AND METHODS 
Subjects 
The present study was based on the second phase of the Hordaland County Cohort Study. 
Information on sampling procedures and data collection in this longitudinal epidemiological 
study has been reported previously (22-23). Briefly, the baseline survey population was a 
random sample of the general adult population in Western Norway in 1985 within the age 
range 15-70 years. All adults in the study area were eligible for inclusion. A random sample 
of the population was drawn by Statistics Norway and invited to participate in the first phase 
of the Hordaland County Cohort Study. Based on the first phase in 1985, 2358 subjects of 
those eligible for a follow-up (74%) participated in a second phase in 1996-97, comprising 
both questionnaires and spirometry. The questionnaires contained detailed questions on 
disease history, respiratory symptoms, occupational exposure to airborne agents, smoking 
history and educational level. Standing height was measured at the spirometry examination 
without shoes to the nearest centimetre. Weight was measured with light indoor clothing to 
the nearest 0.5 kg. 
 
Respiratory disorders and smoking habits 
The participants reported presence or absence of 15 respiratory diseases and symptoms in a 
self-administered questionnaire (Appendix). The items in the questionnaire originated from 
the British Medical Research Council questionnaire (BMRC), the Norwegian Respiratory 
Questionnaire (NRQ), and from the European Community Respiratory Health Survey 
questionnaire (ECRHS) (24-28).  
Subjects were classified as current smokers, ex-smokers and never-smokers according to self-
reported daily smoking habits. Self-reported smoking habits in this population have been 
previously validated by carboxyhemoglobin measurements of venous blood samples with an 
OSM3 Hemoximeter (Radiometer, Copenhagen, Denmark) (29-30). Occupational exposure to 
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airborne agents was defined as an affirmative answer to the question “Have you ever had a 
work-place with much dust or fumes in the air?”. 
 
Spirometry 
Pre-bronchodilator forced vital capacity (FVC) and FEV1 were measured with a dry wedge 
spirometer (Vitalograph S-model) according to the ATS criteria (31). The spirometer was 
calibrated each morning and afternoon with a 1.00 l syringe. The participants were seated and 
wearing nose clips, and received standardised instructions from the laboratory technician. At 
least three measurements of FVC and FEV1 were obtained from each subject. The spirometry 
test was satisfactory when the two highest FVC measurements differed from each other with 
less than 300 ml. The highest FVC and the highest FEV1 were used in the ratio FEV1/FVC, 
regardless of whether they came from the same trial or not. Room temperatures ranged from 
19 to 24 degrees Celsius (˚C), with mean 22˚C and standard deviation (SD) 0.5˚C.  
 
Statistical analyses 
Starting with the general study population (the parent population), we formed a total of four 
increasingly healthy respiratory reference populations. These population types were obtained 
by stepwise excluding subjects based on the presence of numerous respiratory characteristics 
(obstructive lung diseases, respiratory symptoms and smoking history). Initial exclusion order 
of these characteristics was based on both clinical and methodological considerations. For 
each step we performed t-tests to assess if mean lung function differed between subjects who 
had this characteristic and the remaining population who did not have this characteristic. If the 
t-test was significant (p ≤ 0.05), subjects by the characteristic in question were excluded from 
the population before moving on to analysis of the next respiratory characteristic.  
After identifying population samples at four delimitation levels, the direct standardization 
method (32) was used to standardize mean lung function in population types B, C and D, 
respectively, according to the sex, age and height distribution of population type A (the parent 
population) (23).  
Sex-specific reference values for median and lower limit of normal (LLN, 5th percentile) lung 
function were derived from all four populations using quantile regression analysis with age 
and height as predictors.  
We examined interaction effects between age and height and the four population categories. 
When plotting the modelled reference values for FEV1 and FVC against age, we standardized 
height using mean values. All statistical analyses were performed using Stata SE 9.1 (33).  
 
RESULTS 
Four reference population types 
We formed four populations (types) using four delimitation levels (Table 1): A) the parent 
population with none excluded, B) a reference population excluding subjects with self-
reported obstructive lung diseases and cardinal respiratory symptoms that led to a statistical 
significant decrease of lung function, C) a reference population of never-smokers without 
obstructive lung diseases or respiratory cardinal symptoms, and D) a reference population of 
never-smokers without obstructive lung diseases or any respiratory symptoms (a strict 
interpretation of the ERS/ATS recommendations). Cardinal respiratory symptoms were 
breathlessness (grades 1-4), cough (chronic cough and morning cough) and wheeze (Table 1). 
Exclusion of subjects with these symptoms increased standardized mean FEV1 with 0.13 l, 
FVC with 0.12 l, and FEV1/FVC with 0.011. Exclusion of ever-smokers led to a further 
increase in mean lung function. Exclusion of subjects with minor respiratory symptoms 
(phlegm, attacks of breathlessness, day cough, infancy lung disease, cough with cold, woken 
by breathlessness, breathlessness and wheeze), however, did not influence lung function. 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.071480 on 27 M

arch 2007. D
ow

nloaded from
 

http://thorax.bmj.com/


 5

 
Table 1. Stepwise exclusion of subjects with respiratory diseases, symptoms and 
smoking history, mean (SD) FEV1, FVC and FEV1/FVC at each step. 

    FEV1 FVC FEV1/FVC 

Parent population (A) 2358 3.22 (0.94) 4.09 (1.14) 0.785 (0.067) 

Subjects without cardinal 
symptoms (B), 
standardized** 1184 3.35 (0.42) 4.21 (0.53) 0.796 (0.096) 
     Stepwise exclusion from  

      population type A to type B     
      Not obstructive lung diseases  

      in 1996 2188 3.28 (0.91)* 4.15 (1.12)* 0.790 (0.059)* 

      Not breathlessness grade 4 2148 3.29 (0.91)* 4.16 (1.12)* 0.790 (0.059)* 

      Not breathlessness grade 3 2099 3.31 (0.90)* 4.18 (1.11)* 0.790 (0.058)* 

      Not breathlessness grade 2 1886 3.36 (0.88)* 4.25 (1.09)* 0.791 (0.057)* 

      Not morning cough 1498 3.41 (0.89)* 4.29 (1.11)* 0.795 (0.054)* 

      Not breathlessness grade 1 1377 3.44 (0.88)* 4.33 (1.10)*       0.796 (0.054) 

      Not wheeze  1205       3.43 (0.88) 4.31 (1.09)* 0.797 (0.053)* 

      Not chronic cough 1184 3.44 (0.88)* 4.32 (1.09)*        0.797 (0.053) 

Never-smokers without 
cardinal symptoms (C), 
standardized** 539 3.39 (0.42) 4.25 (0.53) 0.799 (0.096) 
     Stepwise exclusion from  

      population type B to type C     

      Never-smokers 539 3.43 (0.94) 4.28 (1.18) 0.801 (0.051)* 

Never-smokers without 
any symptoms (D), 
standardized** 331 3.40 (0.42) 4.25 (0.53) 0.799 (0.096) 
     Stepwise exclusion from  

      population type C to type D     

      Not phlegm 501 3.43 (0.94) 4.29 (1.17) 0.801 (0.051) 

      Not attacks of breathlessness 484 3.43 (0.93) 4.30 (1.17) 0.801 (0.052) 

      Not day cough  477 3.44 (0.93) 4.30 (1.16) 0.801 (0.051) 

      Not infancy lung disease 471 3.44 (0.93) 4.30 (1.16) 0.801 (0.051) 

      Not cough with cold  335 3.40 (0.95) 4.25 (1.18) 0.800 (0.053) 

      Not woken by breathlessness  332 3.40 (0.95) 4.26 (1.19) 0.800 (0.053) 

      Not breathlessness and  

      wheeze 331 3.40 (0.95) 4.26 (1.19) 0.799 (0.053) 

* Significant: p ≤ 0.05 between analysed group and those excluded since previous analysis 

** Lung function estimates were standardized for the distribution of sex, age and height in the parent 

population. Estimates in small type, not marked with **, are unstandardized. 

 
 
 
Population characteristics 
The parent population (population type A) consisted of 2358 subjects aged 26 to 82 years, of 
which 48% were men. Almost two-thirds of the men (63%) and one-third of the women 
(32%) reported occupational exposure to dust or gas (Table 2). Approximately one out of four 
men (25%) and women (22%) had attained university education.  
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The reference population without obstructive lung diseases or the cardinal respiratory 
symptoms breathlessness, cough or wheeze (population type B) consisted of 1184 subjects; 
50% of the parent population. They were slightly younger than the parent population, and had 
generally higher lung function. Fewer reported occupational exposure to dust or gas, while 
more had higher education.  
Population types C and D, never-smokers without cardinal respiratory symptoms and never-
smokers without any respiratory symptoms, consisted of 539 (23%) and 331 (14%) subjects, 
respectively. The tendency for less occupational exposure and higher education observed in 
the transition from the parent population to the population without cardinal respiratory 
symptoms, remained stable. Mean age for men was lower in population types C and D, while 
mean age for women was higher (Table 3). Height and weight were similar in all four 
population types.  
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Table 2. Age distribution, occupational exposure to airborne agents and educational level of parent population; population 
without the cardinal respiratory symptoms breathlessness, cough and wheeze; never-smoking population without cardinal 
respiratory symptoms; and never-smoking population without any respiratory symptoms. 

  

Parent 
population (A) 
n = 2358 
 

Population without 
cardinal respiratory 
symptoms (B)  
n = 1184 
 

Never-smoking 
population without 
cardinal respiratory 
symptoms (C)  
n = 539 

Never-smoking 
population without 
any respiratory 
symptoms (D)  
n = 331 

Men, n (%) 1142 (48) 595 (50) 242 (45) 154 (47) 
Age (yrs), mean (SD) 49.1 (14.4) 48.1 (13.8) 45.2 (13.2) 46.3 (13.9) 

26-39 yrs, n (%) 350 (30) 189 (32) 100 (41) 61 (40) 

40-49 yrs, n (%) 294 (26) 160 (27) 65 (27) 36 (23) 

50-59 yrs, n (%) 203 (18) 116 (19) 36 (15) 27 (18) 

60-69 yrs, n (%) 160 (14) 77 (13) 28 (12) 19 (12) 

70-82 yrs, n (%) 135 (12) 53 (9) 13 (5) 11 (7) 

Occupational exposure: Yes, n (%) 706 (63) 326 (56) 109 (46) 64 (43) 

Educational level     

  Primary, n (%) 192 (17) 74 (13) 15 (6) 11 (7) 

  Secondary, n (%) 654 (58) 332 (56) 117 (49) 74 (49) 

  University, n (%) 283 (25) 183 (31) 107 (45) 66 (44) 

Women, n (%) 1216 (52) 589 (50) 297 (55) 177 (53) 

Age (yrs), mean (SD) 50.5 (15.1) 48.1 (14.2) 50.9 (15.4) 52.5 (14.9) 

26-39 yrs, n (%) 335 (28) 177 (30) 77 (26) 37 (21) 

40-49 yrs, n (%) 300 (25) 163 (28) 70 (24) 43 (24) 

50-59 yrs, n (%) 234 (19) 127 (22) 66 (22) 42 (24) 

60-69 yrs, n (%) 165 (13) 61 (10) 35 (12) 24 (14) 
70-82 yrs, n (%) 182 (15) 61 (10) 49 (16) 31 (17) 

Occupational exposure: Yes, n (%) 374 (32) 142 (25) 66 (23) 39 (23) 

Educational level     

  Primary, n (%) 229 (19) 93 (16) 46 (16) 28 (16) 
  Secondary, n (%) 705 (59) 326 (56) 156 (54) 94 (54) 

  University, n (%) 263 (22) 162 (28) 89 (30) 51 (30) 
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Table 3. Height, weight, body mass index (BMI), FEV1, FVC and FEV1/FVC and respiratory characteristics of parent 
population; population without the cardinal respiratory symptoms breathlessness, cough and wheeze; never-smoking 
population without cardinal respiratory symptoms; and never-smoking population without any respiratory symptoms. 

  

Parent 
population (A) 
n = 2358 
 

Population without 
cardinal respiratory 
symptoms (B)  
n = 1184 
 

Never-smoking 
population without 
cardinal respiratory 
symptoms (C)  
n = 539 

Never-smoking 
population without 
any respiratory 
symptoms (D)  
n = 331 

Men, n (%) 1142 (48) 595 (50) 242 (45) 154 (47) 
Height (m), mean (SD) 1.78 (0.07) 1.78 (0.07) 1.80 (0.07) 1.80 (0.07) 

Weight (kg), mean (SD) 81.9 (12.5) 82.0 (11.8) 82.9 (12.0) 82.2 (12.6) 

Body mass index (kg/m2), mean (SD) 25.9 (3.4) 25.8 (3.2) 25.7 (3.2) 25.5 (3.4) 

FEV1 (l), mean (SD) 3.74 (0.90) 3.95 (0.79) 4.13 (0.73) 4.10 (0.77) 

FVC (l), mean (SD) 4.81 (1.02) 5.01 (0.94) 5.20 (0.91) 5.17 (0.93) 

FEV1/FVC, mean (SD) 0.77 (0.07) 0.79 (0.06) 0.80 (0.05) 0.79 (0.05) 

Women, n (%) 1216 (52) 589 (50) 297 (55) 177 (53) 

Height (m), mean (SD) 1.65 (0.06) 1.65 (0.06) 1.65 (0.06) 1.64 (0.06) 

Weight (kg), mean (SD) 68.7 (12.8) 67.2 (12.3) 67.7 (11.9) 67.0 (11.8) 

Body mass index (kg/m2), mean (SD) 25.3 (4.5) 24.6 (4.4) 25.0 (4.4) 24.9 (4.6) 

FEV1 (l), mean (SD) 2.73 (0.68) 2.92 (0.62) 2.85 (0.65) 2.79 (0.61) 

FVC (l), mean (SD) 3.42 (0.78) 3.61 (0.73) 3.53 (0.77) 3.46 (0.74) 

FEV1/FVC, mean (SD) 0.80 (0.06) 0.81 (0.05) 0.81 (0.05) 0.80 (0.05) 
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Prediction equations derived from the four population types 
After performing curve-estimation analysis to test for linear, quadratic, cubic, logarithmic and 
exponential associations, we found that simple linear models with age and height as predictors 
for FEV1 and FVC gave the best fit for all the four population types (see Tables E1-E4 in the 
online data supplement). FEV1/FVC also had a linear association with age, although the 
tendency was not statistically significant for men from population types C and D. The ratio 
was not associated with height in any of the populations (Tables E1-E4).  
For men, reference values for median and LLN lung function had a steeper decline with age 
for the parent population than for the other three populations (p < 0.05, Figure 1). Age-related 
equation difference was also significant between the population without cardinal symptoms 
(type B) and the never-smoking population without cardinal symptoms (type C) regarding 
FEV1/FVC (p < 0.05, Figure 1).  
For women, LLN had a steeper decline with age in the parent population (p < 0.05), while the 
tendency was less clear for median lung function. The population without cardinal respiratory 
symptoms, the never-smoking population without cardinal respiratory symptoms and the 
never-smoking population without any respiratory symptoms all produced similar equations 
for FEV1, FVC and FEV1/FVC (Figure 1). 
As expected, regression coefficients’ confidence intervals for FEV1, FVC and FEV1/FVC 
were larger for LLN than for median, since the standard deviation for the 5th percentile is 
larger than for the 50th percentile (Figures E1, E2 and E3) (32).  
 
Prediction coefficients for FEV1 
Intercept coefficients from the equations for median and LLN FEV1 did not differ markedly 
between the four population types, indicating that differences between them are related to 
age- or height-associations rather than being constant (Figure E1).  
Height coefficients were higher for men than for women in all four populations. However, 
they did not differ between the four gender-specific population types (p > 0.05). 
The decrease in lung function with age was steeper for men than for women in the parent 
population and in the population without cardinal respiratory symptoms (type B) (Figure E1). 
A similar sex difference was not observed in the never-smoking population without cardinal 
respiratory symptoms (type C) and in the never-smoking population without any respiratory 
symptoms (type D), indicating that decline in FEV1 with age is similar for men and women in 
these two population types. Equations for median FEV1 in men (not women) and for LLN 
FEV1 in both men and women from the parent population had more negative age coefficients 
than the remaining three population types (p < 0.05).  
 
Prediction coefficients for FVC 
Height coefficients for median FVC were overall higher for men than for women in all the 
four population types, suggesting that lung function increases more with increasing height in 
men than in women (Figure E2). The height coefficient was lower for predicted LLN FVC 
among never-smoking women without any respiratory symptoms (population type D) than 
among women in the other three populations (p < 0.05). 
Age coefficients for FVC were on the whole more negative for men than for women (Figure 
4), suggesting a steeper decline in FVC with age for men than women.  Equations derived for 
men in the parent population gave more negative age coefficients than equations derived for 
the other three population types (p < 0.05), suggesting that FVC declines steeper with age in a 
general male population than in a healthy male population. 
 
Prediction coefficients for FEV1/FVC 
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Height was not a predictor of FEV1/FVC for any of the four population types. Age was a 
significant predictor for median FEV1/FVC among both men and women from population 
types A and B, and also among women from population types C and D. With regards to LLN 
FEV1/FVC, age was a significant predictor among men and women from the parent 
population (type A), and among women from population type B.  
There were no significant differences between intercepts from one population type to another. 
Age coefficients for median FEV1/FVC in men and LLN FEV1/FVC in women were more 
negative in the parent population than in the population without cardinal respiratory 
symptoms, suggesting a steeper age-related decline in FEV1/FVC in the parent population (p 
< 0.05, Figure E3).  
 
DISCUSSION  
Based on a general population sample of the second phase of the Norwegian Hordaland 
County Cohort Study, we identified 4 delimitation levels defining four increasingly healthier 
and narrower pulmonary reference population types. We derived and compared prediction 
equations for all four population types and found that self-reported obstructive lung diseases, 
smoking history, breathlessness, cough and wheeze were optimal exclusion criteria when 
defining a pulmonary reference population. As expected, predicted lung function values 
derived from the parent population (population type A) was lower and had a much steeper 
age-related decline than lung function values derived from the other, increasingly healthier, 
population types. Some minor differences were also found between predicted values for the 
population without the cardinal respiratory symptoms breathlessness, cough and wheeze 
(population type B) and predicted values for the never-smoking population without the 
cardinal respiratory symptoms (population type C). The never-smoking population without 
cardinal respiratory symptoms and the never-smoking population without any respiratory 
symptoms did not differ from each other with regard to lung function equations.  
 
This is the first study to use analysis of the associations between self-reported respiratory 
symptoms and lung function as a tool to identify simple exclusion criteria for a pulmonary 
reference population. It is also the first study to compare various definitions of pulmonary 
reference populations with a general population sample. Such comparison enabled us to 
examine associations between lung function and the predictors, age, height and sex, both in a 
general population and in increasingly respiratory healthier and narrower reference 
populations. 
 
A limitation of this study is the age range. The study did not comprise children and there were 
only a limited number of elderly subjects, especially men. Furthermore the study population 
consisted of Caucasian subjects from an affluent Western country. In clinical practice it is 
important that reference values are derived from a population that shares such basic 
characteristics with the patient population (34). There is need for other studies, preferably 
with a larger proportion of elderly subjects, to assess whether the exclusion criteria identified 
here are optimal criteria also in other types of populations.  
One may suggest that the study population was healthier than a general population since all 
analyses were based on a follow-up study rather than a cross-sectional study. However, a 
previous report from the Hordaland County Cohort Study showed overall small differences 
between responders and non-responders in the follow-up survey in 1996-97, and there were 
no differences in the associations between risk factors like age and smoking, and respiratory 
disorders (35). 
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Several factors potentially affecting lung function were not registered in the present study. 
Information on for instance abnormal chest x-rays, diabetes, cardiovascular disease, a history 
of tuberculosis and malnutrition were not obtained. One could argue that the presence of such 
characteristics and diseases might have influenced lung function values in the reference 
population types. However, a previous study of the same population cohort in 1987 assessed 
that only fifteen of 540 subjects (3%) had diseases that might affect pulmonary function (14), 
suggesting that such factors are not widespread in a healthy reference population.  
 
The lack of details in the international recommendations has led to differences in reference 
population exclusion criteria between studies. The number of exclusion criteria in various 
published studies presenting spirometric prediction equations lies between 3 and 20, and 
heavily influences the relative size and health status of the reference populations (5, 8, 10, 16, 
36-37). Furthermore, the wording of questions has also been shown to influence prevalence 
rates (26). In the present study, we have used a questionnaire with questions originating from 
three previously published and validated respiratory questionnaires (24, 26-27). The NRQ has 
been used extensively for more than 35 years in Norway (38-39). The other two 
questionnaires have been mostly used in Europe, but parts of them have also been applied in 
American studies (5, 40). To enable comparable lung function prediction equations across 
studies, it is important to promote uniform exclusion criteria for reference population, with 
standardized question wordings. To ensure standardized wording across languages, the 
methodology of translation and back-translation is recommended to enhance questionnaire 
reliability and validity. 
 
Prediction equations for LLN lung function are used in clinical practice to determine 
spirometry abnormality rates. If defining airways obstruction as a ratio FEV1/FVC below 
LLN, the prevalence would be 5.0% in the parent population based on the type A reference 
equations. When implementing LLN reference equations from the reference population 
without cardinal symptoms (type B), the never-smokers without cardinal symptoms (type C), 
and the never-smokers without any respiratory symptoms (type C), however, the percentage 
of subjects with airway obstruction in the parent population increased to 9.5%, 11.4 % and 
10.1 %, respectively. Following a stricter definition of airway obstruction as the presence of 
both FEV1/FVC and FEV1 below the lower limit of normal, the prevalence would be 2.4 % 
with type A reference equations, 5.3% with type B equations, 6.7% with type C equations and 
6.1% with type D equations (results not shown). In any case, the most important difference 
between spirometry abnormality rates occurs when we excluded the cardinal respiratory 
symptoms breathlessness, cough and wheeze from the general population. A certain 
difference was also observed when excluding never-smokers. However, results from the 
present study suggest that maintaining reference populations without any respiratory 
symptoms at all would have no further clinical implications. 
 
In the present study, exclusion of ever-smokers increased observed lung function in the male 
reference population, while decreasing lung function in the female reference population. This 
is probably due to a sex difference in the association between smoking habits and age. While 
exclusion of ever-smokers made the male reference population considerably younger, it made 
the female reference population older. More young women than elderly women were smokers 
or ex-smokers. Even with absence of respiratory symptoms, the ageing of the female 
population when excluding ever-smokers led to a natural decrease in lung function. When 
adjusting for age in the prediction models, expected lung function was higher after exclusion 
of never-smokers among both men and women. Furthermore, a previous study from the same 
population has shown that smoking was a strong predictor for incidence of chronic 
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obstructive pulmonary disease (COPD) during a 9-year period for subjects with normal lung 
function at baseline (41), rendering support to the notion that ever-smokers should be 
excluded from reference populations even if they do not report respiratory symptoms. On the 
other hand, one could argue that exclusion of ever-smokers from reference populations is not 
possible in all parts of the world. In some developing countries, the proportion of adult never-
smoking men may be so small that it would be necessary to include also healthy ever-smokers 
in reference populations in order to estimate predicted lung function. Future studies should 
further explore similarities and differences between healthy ever-smokers and healthy never-
smokers with regard to respiratory status. 
 
Reference population criteria in the present study entailed self-reported respiratory symptoms, 
as opposed to information on respiratory symptoms gathered by a physician in a clinical 
examination. Self-administered questionnaires have several advantages over physician-
administered interviews. Observational bias affecting answers is not a problem, and the 
reproducibility for research purposes is better in the absence of a physician’s subjective 
interpretation (42-43). A disadvantage with the use of self-administered questionnaires, 
however, is that it depends on a literate study population. 
 
Never-smokers without cardinal respiratory symptoms (population type C) and never-smokers 
without any respiratory symptoms (population type D) constituted 23% and 14% of the parent 
population (population type A), respectively. Whether we used population type C or D to 
derive prediction equations had no implications on the resulting reference values. There are 
important methodological advantages to maintaining the reference population as large as 
possible, relatively speaking. Narrow reference populations will result in higher statistical 
uncertainty concerning the reference values estimates than broader reference populations will, 
simply due to fewer observations, especially in the older age segments. Rigid exclusion 
criteria will lead to selection bias and skewed age distributions. More elderly subjects than 
younger suffer from respiratory symptoms, and subsequently older age segments will be 
underrepresented in a reference population based on rigid exclusion criteria. This may in turn 
influence the association between age and lung function, as observed in the present study 
where the association between age and FEV1/FVC did not reach statistical significance in the 
healthiest population types. There were only 13 never-smoking men in the age cohort 70 to 82 
years without cardinal symptoms (population type C) in the present study. A larger proportion 
of elderly subjects in the reference population would perhaps lead to a significant reduction in 
FEV1/FVC with age, more in line with what has been observed in other studies (1). 
A similar selection bias was also observed with occupational exposure to dust or gas. After 
exclusion of cardinal respiratory symptoms, additional sex-stratified analyses showed no 
difference in lung function between persons who had been occupationally exposed to dust or 
gas and persons who had never been subjected to such exposure (p > 0.05, results not shown). 
However, the size of reference populations would have decreased by 57 % for men and 27 % 
for women if we were to exclude all occupationally exposed subjects.  
 
In the present study, we stepwise excluded subjects with respiratory symptoms in an order 
based on both existing clinical and methodological considerations (19-21). The symptom 
whose exclusion led to the largest increase in mean lung function was excluded first. One 
could argue that the order of exclusion influenced the resulting reference population exclusion 
criteria. However, additional analyses where we changed the exclusion order among the 7 
cardinal respiratory symptoms (breathlessness grades 1-4, morning cough, chronic cough and 
wheeze), gave the same overall results regarding statistical significance and change in lung 

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.2006.071480 on 27 M

arch 2007. D
ow

nloaded from
 

http://thorax.bmj.com/


 14

function. Breathlessness grades 1-4 and morning cough also remained significant if ever-
smokers were excluded first (p < 0.05, results not shown).    
 
CONCLUSION 
Exclusion of all ever-smokers with obstructive lung diseases or any respiratory symptoms in 
the present study left only 14% of the total population. However, excluding only ever-
smokers with obstructive lung diseases or the cardinal respiratory symptoms breathlessness 
(grades 1-4), cough (morning cough and chronic cough) and wheeze resulted in a 
substantially larger and valid reference population. We believe that these exclusion criteria 
will be feasible and sufficient to enable derivation of prediction equations comparable across 
studies. We recommend testing the exclusion criteria with identical wording in both existing 
and future larger populations for further validation. The results from the present study should 
be included in the future discussion of a more detailed and standardized international 
definition of pulmonary reference populations. 
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FIGURE LEGENDS 
 
Figure 1. Predicted lower limit of normal for forced expiratory volume in one second 
(FEV1) (a, b), forced vital capacity (FVC) (c, d) and FEV1/FVC (e, f) in men (with mean 
height 1.78 m) (a, c, e) and women (with mean height 1.65 m) (b, d, f), from four 
population types: parent population (population type A, n = 2358, ——), population 
without the cardinal respiratory symptoms breathlessness, cough and wheeze 
(population type B, n = 1184, ----), never-smoking population without cardinal 
respiratory symptoms (population type C, n = 539, —  —  —), and never-smoking 
population without any respiratory symptoms (population type D, n = 331, — ·· — ·· ). 
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APPENDIX 
 

Wording (translated from Norwegian) of the questions on respiratory symptoms from the 

second phase of the Hordaland County Cohort Study (1996-97), with place of origin (BMRC, 

NRQ, ECRHS) specified: 

 

- Obstructive lung diseases: Do you have asthma, bronchitis, emphysema, or chronic 

obstructive pulmonary disease? † 

- Breathlessness grade 4: Are you breathless while at rest? † 

- Breathlessness grade 3: Are you breathless walking at a normal pace on level ground? 

† 

- Breathlessness grade 2: Are you breathless when you climb two flights of stairs at an 

ordinary pace? † 

- Morning cough: Do you usually cough or clear your throat in the morning? † 

- Breathlessness grade 1: Are you more breathless than people of your own age when 

walking uphill? † 

- Wheeze: Have you had wheezing or whistling in your chest at any time in the last 12 

months? ‡ 

-  Chronic cough: Do you have cough for 3 months or more altogether during a year? * 

- Phlegm: Do you usually have phlegm when coughing or clearing your throat? † 

- Attacks of breathlessness: Do you sometimes experience attacks of breathlessness? † 

- Day cough: Do you usually cough during the day? † 

- Infancy lung disease: Were you hospitalised before the age of two years for lung 

disease? ‡ 

- Cough with cold: During the last two years, have you had cough and/or phlegm in 

connection with a cold for more than two weeks? * 

- Woken by breathlessness: Have you been woken by an attack of shortness of breath at 

any time in the last 12 months? ‡ 

- Breathlessness and wheeze: Have you ever been breathless at the same time you have 

noticed a wheezing sound in your chest? † 

* British Medical Research Council questionnaire (BMRC).  
† Norwegian Respiratory Questionnaire (NRQ) 
‡ European Community Respiratory Health Survey questionnaire (ECRHS) 
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Table E1. Coefficients (standard errors (SE)) and explained variance (R2) from 
prediction equations for median and lower limit of normal (LLN) FEV1, FVC and 
FEV1/FVC, based on parent population (n=2358), separate equations for men and 
women. 

 b0 b1 b2  

  Intercept (SE) Age (yrs) (SE) Height (m) (SE) R2 

FEV1 (l)     

Men     

  Median -3.382 (0.544)* -0.0335 (0.001)* 4.941 (0.290)* 0.38 

  LLN -1.718 (1.657) -0.0454 (0.004)* 3.748 (0.870)* 0.36 

Women     

  Median -1.453 (0.497)* -0.0268 (0.001)* 3.364 (0.284)* 0.43 

  LLN -0.386 (1.307) -0.0328 (0.003)* 2.490 (0.753)* 0.38 

FVC (l)     

Men     

  Median -4.342 (0.641)* -0.0353 (0.002)* 6.122 (0.342)* 0.40 

  LLN -3.285 (1.534)* -0.0445 (0.004)* 5.196 (0.805)* 0.36 

Women     

  Median -3.322 (0.429)* -0.0285 (0.001)* 4.968 (0.245)* 0.44 

  LLN -2.791 (1.590) -0.0312 (0.003)* 4.289 (0.898)* 0.41 

FEV1/FVC (× 100)     

Men     

  Median 84.723 (0.685)* -0.1320 (0.013)*  0.04 

  LLN 79.328 (2.820)* -0.2846 (0.056)*  0.12 

Women     

  Median 86.786 (0.593)* -0.1321 (0.011)*  0.06 

  LLN 82.812 (1.787)* -0.2514 (0.034)*   0.12 

* Significant: p ≤ 0.05.    
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Table E2. Coefficients (standard errors (SE)) and explained variance (R2) from 
prediction equations for median and lower limit of normal (LLN) FEV1, FVC and 
FEV1/FVC, based on population without obstructive lung diseases or the cardinal 
respiratory symptoms breathlessness, cough and wheeze (n=1184), separate 
equations for men and women. 

 b0 b1 b2  

  Intercept (SE) Age (yrs) (SE) Height (m) (SE) R2 

FEV1 (l)     

Men     

  Median -3.527 (0.627)* -0.0311 (0.002)* 5.022 (0.333)* 0.38 

  LLN -1.142 (1.607) -0.0296 (0.004)* 3.196 (0.834)* 0.39 

Women     

  Median -1.276 (0.738) -0.0272 (0.002)* 3.321 (0.421)* 0.42 

  LLN -1.555 (0.867) -0.0271 (0.002)* 3.156 (0.504)* 0.49 

FVC (l)     

Men     

  Median -5.173 (0.832)* -0.0309 (0.002)* 6.534 (0.443)* 0.39 

  LLN -3.803 (2.260) -0.0345 (0.006)* 5.364 (1.182)* 0.38 

Women     

  Median -3.137 (0.565)* -0.0276 (0.001)* 4.873 (0.322)* 0.42 

  LLN -5.378 (1.265)* -0.0260 (0.004)* 5.800 (0.694)* 0.46 

FEV1/FVC (× 100)     

Men     

  Median 84.518 (1.090)* -0.1030 (0.022)*  0.03 

  LLN 72.802 (4.281)* -0.0818 (0.087)  0.02 

Women     
  Median 86.906 (0.758)* -0.1288 (0.015)*  0.07 

  LLN 79.849 (2.199)* -0.1484 (0.044)*   0.07 

* Significant: p ≤ 0.05.    
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Table E3. Coefficients (standard errors (SE)) and explained variance (R2) from 
prediction equations for median and lower limit of normal (LLN) FEV1, FVC and 
FEV1/FVC, based on never-smoking population without obstructive lung diseases or the 
cardinal respiratory symptoms breathlessness, cough and wheeze (n=539), separate 
equations for men and women. 

 b0 b1 b2  

  Intercept (SE) Age (yrs) (SE) Height (m) (SE) R2 

FEV1 (l)     

Men     

  Median -4.329 (1.118)* -0.0260 (0.003)* 5.362 (0.593)* 0.37 

  LLN -2.886 (2.774) -0.0218 (0.007)* 4.016 (1.488)* 0.40 

Women     

  Median -1.694 (1.071) -0.0265 (0.002)* 3.567 (0.607)* 0.46 

  LLN -1.174 (1.975) -0.0257 (0.005)* 2.912 (1.104)* 0.51 

FVC (l)     

Men     

  Median -7.060 (1.326)* -0.0277 (0.004)* 7.508 (0.704)* 0.38 

  LLN -4.318 (3.174) -0.0313 (0.008)* 5.583 (1.644)* 0.37 

Women     
  Median -3.828 (0.939)* -0.0261 (0.002)* 5.258 (0.532)* 0.45 

  LLN -4.161 (2.548) -0.0249 (0.008)* 5.069 (1.376)* 0.46 

FEV1/FVC (x 100)     

Men     

  Median 82.129 (1.393)* -0.0409 (0.030)  0.01 
  LLN 68.449 (3.771)* 0.0353 (0.081)  0.00 

Women     

  Median 87.426 (1.207)* -0.1352 (0.023)*  0.10 

  LLN 77.355 (3.566)* -0.0958 (0.068)    0.05  

* Significant: p ≤ 0.05.    
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Table E4. Coefficients (standard errors (SE)) and explained variance (R2) from 
prediction equations for median and lower limit of normal (LLN) FEV1, FVC and 
FEV1/FVC, based on never-smoking population without obstructive lung diseases or 
any respiratory symptoms (n=331), separate equations for men and women. 

 b0 b1 b2  

  Intercept (SE) Age (yrs) (SE) Height (m) (SE) R2 

FEV1 (l)     

Men     

  Median -4.502 (1.720)* -0.0270 (0.004)* 5.483 (0.913)* 0.35 

  LLN -3.309 (3.285) -0.0206 (0.009)* 4.200 (1.732)* 0.41 

Women     

  Median -1.155 (1.164) -0.0259 (0.003)* 3.237 (0.660)* 0.47 

  LLN -0.896 (1.169) -0.0247 (0.004)* 2.718 (0.702)* 0.53 

FVC (l)     

Men     

  Median -6.921 (1.761)* -0.0283 (0.005)* 7.449 (0.936)* 0.38 

  LLN -5.521 (3.165) -0.0332 (0.009)* 6.325 (1.582)* 0.41 

Women     

  Median -4.180 (1.287)* -0.0255 (0.003)* 5.459 (0.729)* 0.46 

  LLN -0.817 (1.325) -0.0250 (0.005)* 3.056 (0.727)* 0.50 

FEV1/FVC (× 100)     
Men     

  Median 82.481 (1.951)* -0.0561 (0.040)  0.01 
  LLN 69.639 (3.945)* 0.0022 (0.078)  0.00 

Women     

  Median 89.617 (1.380)* -0.1695 (0.025)*  0.12 
  LLN 79.454 (4.301)* -0.1446 (0.078)   0.08  

* Significant: p ≤ 0.05.    
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FIGURE LEGENDS FOR ONLINE SUPPLEMENT FIGURES 
 
 
Figure E1. Intercept-, height- and age-coefficients with 95% confidence intervals from 
equations for median and LLN FEV1 derived from the parent population (population type 
A), population without the cardinal respiratory symptoms breathlessness, cough and 
wheeze (population type B), never-smoking population without cardinal respiratory 
symptoms (population type C) and never-smoking population without any respiratory 
symptoms (population type D). 
 
 
Figure E2. Intercept-, height- and age-coefficients with 95% confidence intervals from 
equations for median and LLN FVC derived from the parent population (population type 
A), population without the cardinal respiratory symptoms breathlessness, cough and 
wheeze (population type B), never-smoking population without cardinal respiratory 
symptoms (population type C) and never-smoking population without any respiratory 
symptoms (population type D). 
 
 
Figure E3. Intercept- and age-coefficients with 95% confidence intervals from equations 
for median and LLN FEV1/FVC derived from the parent population (population type A), 
population without the cardinal respiratory symptoms breathlessness, cough and wheeze 
(population type B), never-smoking population without cardinal respiratory symptoms 
(population type C) and never-smoking population without any respiratory symptoms 
(population type D). 
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