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ORIGINAL RESEARCH
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Abstract

Background: The prevalence and characteristics of airway obstruction in older 

individuals varies widely with the defi nition used. We used a random sample 

of never smoking older population in Iceland to compare the prevalence and 

clinical profi le of subjects diagnosed with Chronic Obstructive Pulmonary Disease 

(COPD) based on different spirometric criteria. Material and methods: The study 

uses data from the Age, Gene/Environment Susceptibility–Reykjavik Study, 

comprising survivors from the Reykjavik Study. Procedures included standardized 

questionnaires and pre-bronchodilator spirometry for measurement of forced 

expiratory volume in one second (FEV
1
) and forced vital capacity (FVC). Results: 

Total of 495 individuals (150 men and 345 women) met study criteria. Mean age 

77 years (range 66-92 years) using fi xed ratio (FEV
1
/FVC < 70%) up to 29% of the 

population were diagnosed with COPD Stage I. The prevalence of COPD increased 

with age. Only 7 among 495 (1.4%) were diagnosed with COPD using FEV
1
/FVC LLN 

and FEV
1
 LLN. Conclusion: Application of the GOLD criteria for diagnosis of COPD 

in older lifelong never smoking subjects identifi es a substantial number of non-

symptomatic subjects as having COPD. If airway obstruction is defi ned by FEV
1
/

FVC and FEV
1
 being below the LLN using appropriate reference equations, only 

very few non-smoking older individuals fulfi ll the criteria for COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD) is one of the leading causes of 
disability and death in the world (1) and prevalence increases with age. COPD 
is a disease characterized by chronic airfl ow limitations not fully reversible by 
bronchodilatation and published guidelines recommend use of spirometry to 
defi ne it (2). Th e overall prevalence of COPD is usually reported between 3% 
and 10%, but this varies widely depending on the diagnostic criteria (3). Th e 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) Workshop 
Summary has defi ned COPD as airfl ow limitation where forced expiratory 
volume in one second/forced vital capacity (FEV

1
/FVC) is < 0.7 and stages 

(I-IV) are defi ned from FEV
1 
as percentage of predicted value. 

Stage 1 FEV
1
> 80%, Stage II 50-80%, Stage III 30-50% and Stage IV < 30%. 

Th ese criteria are set regardless of age in attempt to simplify the diagnosis 
(4). However, GOLD cut-off  points might lead to misclassifi cation since 
the FEV

1
/FVC ratio falls with age (5) as a part of normal aging. Recent 

studies (6, 7) in population of older individuals point towards both over-
diagnosis of COPD in people over 70 years old and also underestimating 
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young adults (8, 9), if standard GOLD cut-off  points 
are used. 

In 2004, ATS and the ERS proposed the use of the 
lower limit of normal (LLN) instead of fi xed ratio cri-
teria (10). In a recent evidence-based review compar-
ing the use of either fi xed ratio of FEV

1
/FVC < 0.7 and 

LLN it was obvious that comparative studies have rarely 
included a suffi  cient number of older non-smoking 
individuals, especially women (11). Th e number of older 
individuals is growing worldwide and it is important 
to estimate the real disease burden of chronic disease 
such as COPD among them. COPD has been linked to 
many co-morbid conditions and co-morbidities such as 
cardiovascular diseases and diabetes mellitus (12).  Th e 
aim of the study was to estimate prevalence of COPD in 
a random sample of never-smoking older individuals in 
Iceland and evaluate the prevalence of co-morbid condi-
tions in those groups defi ned with COPD depending on 
diff erent spirometric criteria.

Materials and Methods

Study subjects
Th e design of Age, Gene/Environment Susceptibility–
Reykjavik Study (AGES-Reykjavik Study) is described 
in detail elsewhere (13). In summary AGES-Reykjavik 
originates from the Reykjavik study, a cohort established 
in 1967 and originally comprised a random sample of 
30,795 men and women (divided in 6 groups) born in 
1907–1935 and living in the greater Reykjavik area in 
1967 (14). AGES-Reykjavik Study examinations began 
in 2002, and at that time 11,549 previously examined 
Reykjavik Study cohort members were still alive. From 
these persons, recruitment order was randomly assigned 
within the 6 Reykjavik Study groups. Th e AGES- Reykja-
vik examinations concluded in 2006 with a total sample 
size of 5,764 survivors of the Reykjavik Study cohort 
(13). Spirometry was only preformed in the fi rst two 
years of the study because of necessary prioritizing in 
time-consuming protocol.

Th e AGES-Reykjavik Study is approved by the Ice-
landic National Bioethics Committee (VSN: 00-063), 
the Icelandic Data Protection Authority and the Insti-
tutional Review Board serving the National Institution 
on Aging (NIA)

Data selection
Selected parts from the AGES-Reykjavik study 
questionnaire,were used. Th ese included demographic 
data, smoking history, symptoms and spirometry results 
(FEV

1
 and FVC). Inclusion criteria for acceptable 

spirometry was having at least two spirometry attempts, 
not more than 300 ml diff erence between the attempts 
and to be able to blow out for at least six seconds. Th ose 
with history of asthma were excluded because only pre-
bronchodilator measurements were used for the study. 
Total of 1255 participants (590 men and 665 women) 
had acceptable spirometry results and no prior history 

of asthma. Participants with lifetime smoking history 
(smoked regularly and smoked at least 100 cigarettes 
or 20 cigars in lifetime) were excluded from the study. 
In the fi nal group of 495 participants, 150 men and 345 
women were included to the study (Figure 1).

Spirometry
Spirometry was performed with a Vitalograph Gold 
Standard Plus (Vitalograph Ltd., Buckingham, UK) at 
each survey (15). Spirometry was done in a sitting posi-
tion. Th e procedure was explained in details before start-
ing. Th ree attempts were made for each individual. Th e 
Vitalograph was regularly calibrated with 1L syringe. 
Only pre-bronchodilatation measurements were per-
formed.

Spirometric defi nition of COPD
Th e following defi nitions for COPD were used in our 
analysis: 

GOLD criteria for staging COPD, FEV
1
/FVC < 0.7 

(fi xed ratio) and FEV
1
 predicted was used for further 

staging the disease (FEV
1
 ≥ 80% predicted; stage I, ≥50% 

and < 80%; stage II, ≥ 30% and < 50%; stage III < 30%; 
stage IV) (4). LLN is age-corrected and is defi ned statis-
tically by the lower fi fth percentile of a reference popu-
lation and can be calculated by subtracting 1.64 times 
the standard deviation from the mean, i.e. the expected 
value (10). 

Figure 1. Study sample
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Predicted and percent predicted values were calcu-
lated for FEV

1
, FVC, FEV

1
/FVC ratio and LLN for FEV

1
, 

FVC and FEV
1
/FVC ratio using predicted equations for 

Caucasian adult males and females derived from the 
Th ird US National Health and Nutrition Examination 
Survey (NHANES –III) (16). In this study we compare 
fi xed ratio (FEV

1
/FVC < 0.7) to FEV

1
/FVC LLN with 

FEV
1 
< 80% (FEV

1 
< 80%) predicted and FEV

1
/FVC LLN 

with FEV
1
 LLN (FEV

1
 LLN).

Data analysis
All statistical calculation was performed using Stata 
version 10.1 (Stata Corporation; College Station, TX). 
Continuous response variables were analysed on the 
original scale except the FEV

1
/FVC ratio, which was 

logit transformed.  To test the assumption of normal-
ity the residuals from regression analyses, by sex with 
age adjustment, were inspected using normal quantile 
plots and deemed adequately normally distributed. 
MacNemar‘s symmetry test was used to test for mar-
ginal homogeneity between the prevalence estimates 
from the diff erent spirometric criteria. 

Results

Main characteristics of the studied sample
Total of 495 individuals (150 men and 345 women) met 
the study criteria (Figure 1). Sample characteristics are 
presented in Table 1. Th e age of participants ranged 
from 66–92 years (Mean (±SD) 76.9 ± 5.7). Mean (±SD) 
body max index for men was 26.4 kg/m-2 (± 3.4) and 26.7 
(± 4.6) for women. Th e mean (±SD) FEV

1
/FVC ratio was 

74% (± 6.0) the same for men and women, while mean 
(± SD) FEV

1
 for males and females was 2.85 L (± 5.7) and 

1.88 L (± 0.4), respectively, p = 0.00001. Cardiovascular 
disease and obesity were the most common co-morbid-
ities. A total of 21 (4%) of the subjects reported chronic 
phlegm most mornings more than 3 months a year.

Prevalence of COPD using different spirometry criteria
As shown in Figure 2 the prevalence of COPD increases 
proportional with age using all the studied criteria and 
is as high as 26% among men and 32% among women in 
the > 80 years age group. Use of the fi xed ratio criteria 
(GOLD stage I and higher) produced prevalence esti-
mates that were signifi cantly greater than for FEV

1
/FVC 

LLN withFEV
1
<80% (FEV

1
<80%) predicted and FEV

1
/

FVC LLN with FEV
1
 LLN (FEV

1
 LLN) in age groups 

over 70 years (p < 0.03–0.00001). Th e fi xed ratio esti-
mates were up to 18 percentage points higher than those 
for GOLD stages II-IV (Figure 2). Th e LLN criterion 
(FEV

1
LLN and FEV

1 
< 80%) were up to 9,5 percentage 

points lower than estimates for GOLD stages II-IV. 
Finally, use of FEV

1
LLN in place of FEV

1
<80% further 

reduced estimates down to 3.5% of the population. 
Figure 3 shows the relationship between COPD 

diagnosed using diff erent criteria. None of those with 
GOLD stage I would be diagnosed with COPD using 

Table 1. Demography, co-morbidity and spirometric data

Men Women

Subjects (n) 150 345

Age distribution years n (%) 

 <70 21 (14) 57 (16,5)

 70–74 46 (30,7) 79 (22,9)

 75–79 45 (30) 111 (32,2)

 >80 38 (25,3) 98 (28,4)

Chronic Phlegm 6 (4) 15 (4)

Heart failure 5 (3) 10 (3)

Angina 25 (17) 43 (12)

Myocardial infarct 35 (23) 34 (10)

Hypertension* 66 (44) 203 (59)

Obesity** 22 (15) 73 (21)

Diabetes 11 (7) 22 (6)

Height (cm) 175 ± 6 160 ±  5

Weight (kg) 81.6 ± 12.3 68.5 ± 12.1

BMI ( kg*m–2) 26.4 ± 3.4 26.7 ± 4.6

FEV
1
 (L) 2.85 ± 0.57 1.88 ± 0.39

FVC (L) 3.83 ± 0.64 2.53 ± 0.46

FEV
1
/FVC% 73 ± 8 72 ± 9

Data are presented as n (%) or mean + SD; *Medically treated hypertension; ** BMI > 
30; BMI: Body mass index; FVC: forced vital capacity;  FEV1: Forced expiratory volume in 
one second. Data presented as n (%). * BMI > 30.

LLN criteria. Of subjects having GOLD stages II-IV, 
38% would be diagnosed with COPD using FEV

1
/FVC 

LLN with FEV
1
<80% and 19% when using FEV

1
/FVC 

LLN with FEV
1
 LLN. Only 7 among the 495 (1.4%) 

were diagnosed with COPD using FEV
1
/FVC LLN with 

FEV
1
 LLN.

As shown in Tables 2 and 3 mean age was similar using 
LLN criteria and fi xed ratio. Mean FEV

1
 was 1.15 L ± 

0.39 using LLN criteria vs. 1,82 L ± 0,56 when the fi xed 
ratio criteria as was mean FEV

1
/FVC 56 ± 7 vs. 65 ± 5, 

respectively (Table 2). Symptoms like chronic phlegm 
was reported by 6% when using fi xed ratio criteria but 
none using LLN criteria. Cardiovascular disease and 
obesity were the most common co-morbitities. Com-
paring the diff erent criteria prevalence of cardiovascular 
disease was similar, but obesity was less common when 
using the fi xed ratio (FEV

1
/FVC < 80%) criteria than 

LLN criteria (see Table 3). When looking at prescribed 
inhalation drugs for COPD (beta agonists and steroids) 
only 2% of the individuals using the fi xed ratio had been 
prescribed the drugs and up to 14% when using the LLN 
criteria.

Discussion

Th is study clearly demonstrates that applying GOLD 
guidelines for diagnosis of COPD among healthy, 
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Figure 2. (a)Prevalence of COPD in nonsmoking elderly men using GOLD criteria, FEV1/FVC LLN and FEV1< 80% predicted and FEV1/FVC LLN and FEV1 LLN. (b).  Prevalence 
of COPD in nonsmoking elderly women using GOLD criteria, FEV1/FVC LLN and FEV1< 80% predicted and FEV1/FVC LLN and FEV1 LLN.

Figure 3. Relationship between subjects with COPD using different spirometric criteria
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never-smoking older adults does classify a substantial 
number of them as having COPD. Th is is more preva-
lent with increasing age. 

Comparision with previous studies is sometimes dif-
fi cult as these study populations are younger than ours, 
not truly epidemiological and have investigated relatively 
few elderly women. In the current study using fi xed ratio 
(FEV

1
/FVC < 0.7) up to 32% of older women were diag-

nosed with COPD and up to 26% of older men, with this 
diagnosis increasing with age. When using LLN equations 
the prevalence of COPD decreases to 1.4 %. Th is is similar 
to previous studies. Hardie et al. (7) studied 71 healthy, 
older never-smokers who were able to perform an accept-
able spirometry. Approximately 35% of those healthy, 
older never-smokers had an FEV

1
/FVC% < 0.7 and would 

be classifi ed as having at least COPD GOLD stage I. Th is 
percentage increased with age and, in those aged over 80 
years, 50% would be classifi ed as having COPD.

A study by Swanney et al. found that prevalence of 
airway obstruction in healthy never-smokers aged over 
60 years varied for each guideline used and the GOLD 
guidelines caused false positive rates of up to 60% when 
applied to entire population (17). A study by Hansen 
et al. on the NHANES III study population showed that 

approximately 20% of older adults with observed FEV
1
/

FVC% above the NHANES-III fi fth percentile had FEV
1
/

FVC% ratios < 0.7 (18). A study by Szanto et al. on the 
prevalence of airway obstruction in the elderly by using 
a cross-sectional spirometric study of nine age cohorts-
between the ages of 60 and 93 years reveiled that using 
the lower limit of normal, LLN yielded the lowest preva-
lence of 10.1%, but according to GOLD criteria (FEV

1
/

FVC <0.7) the prevalence of obstruction was 22.5% 
regardless of which one of three diff erent spirometric 
reference values were used (19). 

A study from Korea published in 2009 showed that 
the diff erence of prevalence between LLN and fi xed 
ratio of FEV

1
/FVC was even higher among subjects with 

age ≥ 65, 14.9% and 31.1%, respectively (20). Th e authors 
of a study on over 10.000 individuals from the BOLD 
study recruited from 14 sites concluded that the use of 
the FEV

1
/FVC, LLN criterion instead of the FEV

1
/FVC < 

0.7 should minimise known age biases and better refl ect 
clinically signifi cant irreversible airfl ow limitation (21). 
Th e recent American Th oracic Society and European 
Respiratory Society Joint Statement (22) recommends 
using the LLN of the FEV

1
/FVC in place of the fi xed-

ratio criterion to diagnose airfl ow obstruction

Table 2. Demographic and spirometric  data, compared for different criteria

 Normal spirometry Fixed ratio GOLD stage I GOLD stage II-IV FEV1/FVC LLN, FEV1<80% FEV1/FVC LLN, FEV1 LLN

Subjects (n) 396 99 62 37 14 7

Gender 

 Men (n) 121 29 20 9 4 3

 Women (n) 275 70 42 28 10 4

Age 76.1 ± 5.6 79.8 ± 5.1 79.6 ± 5.4 80.2 ± 4.7 81.8 ± 5.0 82.1 ± 5.0

Height (cm) 164.8 ± 9.3 165.1 ± 8.4 165.3 ± 9.1 164.9 ± 7.1 163.4 ± 7.4 163.6 ± 9.5

Weight (kg) 73.4 ± 13.7 69.0 ± 12.7 67.7 ± 12.0 71.2 ± 13.6 68.2 ± 10.7 72.4 ± 8.0

BMI ( kg*m-2) 27.0 ± 4.3 25.2 ± 3.8 24.7 ± 3.6 26.1 ± 4.0 25.5 ± 3.1 27.0 ± 1.3

FEV1 (L) 2.26 ± 0.62 1.82 ± 0.56 2.04 ± 0.52 1.44 + 0.41 1.37 ± 0.35 1.39 ± 0.41

FVC (L) 2.96 ± 0.77 2.80 ± 0.85 3.11 + 0.81 2.29 + 0.65 2.01 ± 0.54 2.07 ± 0.64

FEV1/FVC% 76.4 ± 3.7 65.1 ± 4.9 66.2 ± 3.7 63.3 ± 6.2 63.0 ± 1.4 62.6 ± 1.5

Data are presented as mean + SD. BMI: Body mass index; FVC: forced vital capacity;  FEV1: Forced expiratory volume in 1 second.

Table 3. Symptoms and co-morbidity for different criteria

 Normal spirometry Fixed ratio GOLD stage I GOLD stage II-IV FEV1/FVC LLN. FEV1<80% FEV1/FVC LLN. FEV1 LLN

Subjects (n) 396 99 62 37 14 7

Chronic Phlegm 15 (4%) 6 (6%) 3 (5%) 3 (8%) 1 (7%) 0 (0%)

Heart failure 11 (3%) 2 (2%) 2 (3%) 2 (5%) 1 (7%) 1 (14%)

Angina 57 (14%) 11 (11%) 5 (8%) 6 (16%) 2 (14%) 2 (29%)

Myocardial infarct 58 (15%) 11 (11%) 7 (11%) 4 (11%) 1 (7%) 1 (14%)

Hypertension * 196 (59%) 42 (44%) 27 (44%) 15 (41%) 7 (50%) 3 (43%)

Obesity** 85 (22%) 10 (10%) 5 (8%) 5 (14%) 0 (0%) 0 (0%)

Diabetes 30 (8%) 0 (0%) 3 (5%) 0 (0%) 0 (0%) 0 (0%)

Data is presented as n (%). *Medically treated hypertension. ** BMI > 30.
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It is well established that older individuals often have 
one or more chronic conditions (23, 24). Co-morbid 
conditions are common among COPD patients. One 
study found that the median number of co-morbidities 
was nine (25). Prior studies have shown that hyperten-
sion, cardiovascular disease and diabetes are highly 
prevalent co-morbidity for older COPD patients (26). 
In our study, co-morbid conditions were common, of 
those cardiovascular disease and obesity were most 
commonly found. When comparing individuals diag-
nosed with COPD using fi xed ratio of < 0.7 compared 
with LLN criteria, obesity was less common when using 
the LLN criteria. Th e role of weight needs to be taken 
into consideration as weight loss often is associated with 
severe COPD, (27) and weight gain contributes to lower 
FEV

1
 and FVC) (28). Medically treated hypertension 

was similar between the diff erent criteria.
Th e strength of the study is the well defi ned popula-

tion of both males and females. Th ey represent a sample 
of older individuals from the Reykjavik metropolitan 
area who have all lived within a 30-km radius and been 
exposed to rather low amount of air pollution (29).

Th e weaknesses of the study are that spirometries 
were all done without giving bronchodilating medica-
tions and a diff erence of 300 ml was accepted between 
measurements. GOLD defi nes COPD based on post-
bronchodilator spirometry tests because COPD is 
thought to be a disease characterized by irreversible 
airway obstruction. It is possible that some of the sub-
jects in the present study with low FEV

1
 would have an 

increase in FEV
1
 and FEV

1
/FVC% after inhalation of a 

bronchodilating drug. 
We excluded those with history of asthma in order to 

minimize this from occurring but we did not exclude sub-
jects with chronic conditions such as hypertension. Th e 
prevalence of COPD based on GOLD criteria and LLN 
has been compared based on the use of post-broncho-
dilator values or not in a community based population 
sample of 2235 subjects from Norway, fi nding a lower 
diff erence in prevalence with increasing age (30). Th e 
number of older individuals in this study is however low 
as pointed out in a recent paper focusing on what defi nes 
abnormal lung function in older adults with COPD (31).

It is diffi  cult to estimate the practical and economic 
consequences of over-diagnosing COPD among the 
elderly. It is unlikely that individuals without symptoms 
will be tested and treated and we see that very few in this 
group are regular users of inhaled drugs. Diagnosing 
someone with COPD as a part of a preoperative evalua-
tion might lead to wrong decision about operability and 
even unnecessary investigations.

Based on our results and results from previous stud-
ies, it seems that application of the GOLD criteria for 
diagnosis of COPD may lead to over diagnosis of COPD 
in non-smoking older individuals. Using LLN criteria 
in the older individuals will lead to fewer false positive 
results and could possibly decrease the costs of further 
tests and treatments.
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