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Background: Less smoking should lead to fewer COPD cases. We aimed at estimating time

trends in the prevalence and burden of COPD in Norway from 2001 to 2017.

Methods: We used pre-bronchodilator spirometry and other health data from persons aged

40–84 years in three surveys of the Tromsø Study, 2001–2002, 2007–2008 and 2015–2016. We

applied spirometry lower limits of normal (LLN) according to Global Lung Initiative 2012. Age-

standardized prevalence was determined. We defined COPD as FEV1/FVC<LLN in subjects

reporting dyspnea or coughing, and moderate to severe COPD when FEV1 <LLN was found in

addition. We identified hospitalizations due to COPD exacerbations in the Norwegian Patient

Registry 2010–2017, and retrieved the use of COPD medication from the Norwegian

Prescription Database. Change in prevalence was analyzed by logistic regression.

Results: In the Tromsø Study, the age-standardized prevalence of daily smoking dropped from

29.9% to 14.1% among women and from 31.4% to 12.8% among men (P<0.0001). The age-

standardized prevalence of COPD dropped from 7.6% to 5.6% among women (P=0.2) and from

7.3% to 5.6% amongmen (P=0.003) and ofmoderate to severe COPD from 5.2% to 2.7% among

women (P=0.0003) and from 4.6% to 3.2% among men (P=0.0008). Among men, the yearly

age-standardized prevalence of hospitalization due to COPD exacerbation decreased from 3.6 to

3.0 per 1000 inhabitants aged 40–84 years (P<0.0001). Correspondingly, dispensing oral

corticosteroids or/and antibiotics for COPD exacerbations dropped from 6.6 to 5.8 per 1000

(P<0.0001), while dispensing maintenance treatment increased (P<0.0001).

Conclusion: COPD morbidity decreased between 2001 and 2017, which might partly be

due to less smoking. The drop in smoking prevalence gives promise of a further substantial

decrease in the coming decades.
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Background
The prevalence of smoking in western countries is reversing,1 and between 2001 and

2017 the prevalence of daily smoking in Norway among adults dropped from 30% to

11%.2 Due to this, one may expect that the prevalence of COPD also will decrease.3

Some European studies have shown reductions in COPD prevalence during the last

decades,4–7 and a Global Burden of Disease Study from 2015 suggested a decreased

age-adjusted prevalence of COPD in 195 countries.8 A corresponding reduction in

hospitalizations due to COPD was not found in Portugal between 2000 and 2010,9

and in China, the hospitalization rate due to COPD increased between 2005 and

2015,10 despite a stable prevalence of smoking.
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The aim of the present study was to estimate time

trends in the prevalence and burden of COPD by using

three different sources of data from 2001 to 2017.

Methods
First, we used three regional repeated population based

health surveys of the Tromsø Study, the 5th, 6th, and

7th, accomplished in 2001–2, 2007–8 and 2015–16.

Furthermore, we used two Norwegian mandatory registers:

The Norwegian Patient Registry (NPR), that provides

individual-level information from all hospitalizations and

outpatient visits to the specialized health services, and the

Norwegian Prescription Database (NorPD), which pro-

vides individual-level information on all prescription

drugs dispensed from pharmacies to patients in ambulatory

care in Norway since 2004.

The Tromsø Study contributes with data on smoking,

self-reported COPD and spirometry in participants aged

40–84 years. The same range of age has also been applied

to the NPR which contributes with data on hospitalizations

for COPD from 2010 to 2017 and the NorPD which

contribute with individual prescriptions on COPD medi-

cines between 2010 and 2017.

The Tromsø Study
The Tromsø Study is a repeated health survey of the

population of Tromsø,11 a university city in the northern

part of Norway with 75.000 inhabitants. A random sample

of the Tromsø population was invited to baseline ques-

tionnaires and clinical measurements in the 5th and 6th

surveys, whereas all inhabitants of Tromsø aged 40 years

or more were invited to the 7th survey (2015–16). Random

samples stratified by age were invited to extended exam-

inations, including spirometry. In addition, participants

who had taken part in extended examinations in the 4th

survey (1994) were also invited. These had also been

randomly selected based on age.11

All surveys were approved by the Regional Committee

for Medical and Health Research Ethics. All study parti-

cipants gave written consent.

Questionnaires

Tromsø 5–7 included similar questionnaires on smoking

habits, diseases, and symptoms. In Tromsø 5 (2001) the

participants were asked “do you have or have you had

chronic bronchitis/emphysema”. In Tromsø 6 and 7, the

question was worded “do you have or have you had chronic

bronchitis/emphysema/COPD”. A positive answer to this

question was regarded as self-reported COPD. At all three

surveys a similar question was answered on asthma: “do you

have or have you had asthma”. Questions on respiratory

symptoms were in each survey taken from the MRC ques-

tionnaire of 1986: “Do you get short of breath when hurrying

on level ground or walking up a slight hill”, and “Do you

cough about daily in periods of the year”. (“in the winter” in

the MRC questionnaire was changed to “in periods of

the year” to fit the Norwegian climate). A positive answer

to one of these questions was used when defining COPD, in

line with recommendation fromGlobal Initiative for Chronic

Obstructive Lung Disease (GOLD).12 The participants were

asked if the cough was productive and: “If you cough about

daily for some periods of the year, have you had this kind of

cough for as long as 3 months in each of the last two years”.

Examinations

Height and weight were measured standing, wearing light

clothing and without shoes. Spirometry was carried out

according to the standards of the American Thoracic

Society/European Respiratory Society.13,14 The spirom-

eters used were SensorMedics Vmax Legacy in Tromsø

5 and SensorMedics Vmax Encore in Tromsø 6 and 7.

(VIASYS Healthcare Respiratory Technologies, Yorba

Linda, CA, USA). Calibration was performed every morn-

ing. Cross calibration studies have shown that the Vmax

Legacy underestimated forced expiratory volume after

one second (FEV1) and forced vital capacity (FVC), and

correction factors were estimated as + 2.5% for FEV1 and

+ 5.2% for FVC.15 The results were discarded if the FEV1

was <0.3 L or if expiration lasted for less than 3 s (FVC

≤FEV3). The Global Lung Initiative (GLI) 2012 reference

values were used.16 At each survey, three to six trained

technicians shared the conduction of the spirometry. As

a measure of test quality, the duration of the expiration was

estimated by calculating the mean difference between FVC

and Forced expiratory volume after 6 s (FEV6). Post-

bronchodilator spirometry was not carried out. The

participants were not asked to discontinue their usual

medication the examination day.

Oxygen saturation (Sp02) was examined after resting

for 15 mins with a pulse oximeter Onyx II model 9550

(Nonin Medical, Inc., Plymouth, MN, USA). The highest

value after three measurements was registered. SpO2

values ≤95% were regarded below normal.17 We only

accepted Sp02 values ≥80%, due to uncertainties linked

to lower values.
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Hospitalization for COPD
The Norwegian Patient Registry (NPR) contributed with data

on hospitalization for COPD from 2010 to 2017. Among all

department admissions to hospitals reported to the NPR

for day or inpatient care, admissions for COPD were included

if non-elective, the patient was less than 85 and at least 40

years old, and either the patient died in hospital or length of

stay was at least 24 hrs. NPR uses the Norwegian version of

ICD-10 for diagnostic coding. The diagnosis criterion for

COPD admission was either a main diagnosis of COPD

(J40.x-J44.x), or a main diagnosis of dyspnoea (R06.0), influ-

enza (J09.x-J11.x), pneumonia (J12.x-J18.x), acute bronchitis

(J20.x), lower respiratory infection (J22.x), acute, severe

asthma (J46.x) or respiratory failure (J96.x), together with

a secondary diagnosis of COPD. Subsequent department

admissions, at the same or a different hospital, separated by

no more than 8 hrs, were merged. Only the first admission per

patient per calendar year was included in the analysis, which

was needed for the calculation of prevalence. The Norwegian

Directorate of Health gave permission to use data from NPR.

Use of COPD Medication
The Norwegian Prescription Database (NorPD) contributed

with data on the use of COPDmedication from 2010 to 2017.

NorPD contains patient-level data on all prescription drugs

dispensed from pharmacies in Norway to patients in ambu-

latory care since 2004. We counted the number of patients

receiving drugs at least once from each of three types of drug

treatment for COPD (maintenance treatment, short-acting

symptomatic treatment only, and exacerbation treatment)

per calendar year during 2008–2017. All drugs in NorPD

are classified according to the Anatomical Therapeutic

Chemical (ATC) classification system. We defined pharma-

cological maintenance treatment of COPD as patients who

received long-acting β2 agonists (LABA; ATC codes

R03AC12, 13, 18 and 19); long-acting muscarinic antago-

nists (LAMA; R03BB); long-acting β2 agonists as fixed

combination with inhaled corticosteroids or long-acting mus-

carinic antagonists (R03AK, R03AL); theophylline

(R03DA04); or roflumilast (R03DX07). Short-acting symp-

tomatic treatment only was defined as short-acting β2 ago-

nists (SABA; R03AC02, 03 or 04) or short-acting muscarinic

antagonists (SAMA; R03B01) without receiving any of the

maintenance drugs during the same calendar year. Patients

receiving pharmacological treatment of COPD exacerbations

were defined as patients who received oral corticosteroids

(OCS; H02AB) and/or antibiotics (J01).

Drugs used in maintenance and symptomatic treatment

of COPD can also be used for asthma, while the drugs

used for COPD exacerbation treatment (oral corticoster-

oids and antibiotics) can be used for a range of other

conditions. From 2006, specific reimbursement codes for

COPD were recorded on reimbursed prescriptions and we

restricted our analyses to prescriptions with ICD-10 codes

J43, J44, or ICPC-2 code R95, or national reimbursement

code number for COPD. The use of aggregated prescrip-

tion data was approved by the Norwegian Prescription

Database.

Statistical Analysis
Prevalences were age-standardized according to the

Norwegian population in 2012 and 5-year age groups

were used.

For the spirometry parameters, lower limit of normal

(LLN) was defined as the fifth percentile according to the

GLI 2012 reference values.16We applied the following thresh-

olds indicating reduced lung function or COPD: FEV1<LLN,

FVC<LLN, FEV1/FVC <0.7, FEV1/FVC<LLN, and FEV1

/FVC<LLN together with FEV1<LLN. Since respiratory

symptoms are requisite for a COPD diagnosis, we also made

a category of FEV1/FVC<LLN together with a positive

answer to the question on dyspnea or cough (quoted above).

Moderate to severe COPD was defined as FEV1/FVC<LLN

and FEV1<LLN combined with respiratory symptoms. The

prevalence of smoking and moderate to severe COPD by age

at each survey was calculated in 10-year age groups.

Time trends were estimated by fitting a quasi-binomial

model with a linear term in calendar year, thus allowing

for variability of frailty among the age and sex groups.18

Resulting odds ratios indicate an increase in prevalence

from start to the end of the studied years. When reporting

the statistical significance of the odds ratios, Holm’s

method was used to adjust for multiple comparisons.

Because of the age standardization, we accounted for

sample stratification in the analyses.

Hospital admission rates between 2010 and 2017 were

calculated for men and women separately, standardized

by age.

We calculated the annual prevalence of receiving any of

the drugs at least once during a calendar year for the period

2010–2017. Age and sex standardized rates were computed.

The statistical analyses were performed using IBM

SPSS Statistics (version 24.0; IBM Corp., Armonk, NY,

USA) and by R, version 3.5.1 and 3.6.0
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Results
The Tromsø Study
Participants

The number of participants aged 40–85 years in Tromsø 5,

6, and 7, were 7355, 12,364 and 20,842, respectively, with

corresponding mean ages of 62.3, 58.2, and 57.0 years. The

participation rates of those invited were 79%, 66% and 65%,

respectively. Of those invited to a second visit for extended

examinations, 92.2%, 91.8%, and 94% attended. Women

represented 56.5% of the participants in Tromsø 5, 53.0%

in Tromsø 6, and 52.4% in Tromsø 7. The mean Body Mass

Index increased steadily from 26.8 to 27.3 between Tromsø

5 and Tromsø 7, and the frequency of self-reported diabetes

increased from 4.2% to 5.3%. Reporting a previous heart

attack decreased from 6.8% to 3.5%.

Valid spirometry was obtained in 4902, 6294, and 7247

participants in Tromsø 5, 6, and 7, respectively, with

corresponding mean ages of 66.3, 63.6 and 63.0 years.

Smoking, Respiratory Symptoms and Self-Reported

COPD

The age-standardized prevalence of daily smoking

dropped between Tromsø 5 and Tromsø 7 from 29.9%

and 31.4% to 14.1% and 12.8% and, in women and men,

respectively (Table 1). A particularly large decrease in

smoking prevalence was observed among those aged

40–49 years, from 35.9% to 12.4%, and a drop by increas-

ing age was observed at all three surveys after 50 years of

age (Figure 1). In Tromsø 5, 34.3% had never been

smoking, this percentage increased to 43.3% in Tromsø

7. We observed a significant decrease in the prevalence of

dyspnea and cough. However, no significant change in

age-standardized prevalence of self-reported COPD was

observed. We found a small increase in the prevalence of

self-reported asthma and/or COPD (Table 1).

Lung Function

Both FEV1% predicted and FVC% predicted showed

improved values from Tromsø 5 to Tromsø 6, and further to

Tromsø 7. The mean values of FEV1% predicted at Tromsø 5,

6, and 7 were 89.8, 95.5 and 97.2, respectively. The corre-

sponding mean values of FVC% predicted were 96.2, 100.2,

and 101.7. Correspondingly, we found a decreasing preva-

lence of FEV1<LLN and FVC<LLN (Table 2, Figure 2). The

mean difference between FVC and FEV6 increased between

the three surveys and were 0.11 (uncorrected), 0.12, and 0.15

L at Tromsø 5, 6, and 7, respectively.

The age-standardized prevalence of FEV1/FVC ratio

<0.7 was stable among both women and men between

Tromsø 5 and Tromsø 7 (Table 2, Figure 2), the prevalence

of FEV1/FVC<LLN tended to decrease among men, but

not statistically significant. The prevalence of FEV1

/FVC<LLN combined with respiratory symptoms (our

definition of COPD) dropped significantly among men,

but not among women (Table 2).

The prevalence of FEV1/FVC<LLN combined with

FEV1<LLN decreased from Tromsø 5 to Tromsø 7 in

both sexes (Table 1, Figure 2). The results were similar

when respiratory symptoms were added to the decreased

Table 1 Age Standardized Prevalence of Characteristics Among Participants Aged 40–84 Years in the Tromsø Study. Odds Ratios of

Change in Prevalence Over 14 Years are Presented

Women Men

2001–2

n=4154

2007–8

n=6557

2015–16

n=10,929

OR P-value 2001–2

n=3201

2007–8

n=5807

2015–16

n=9912

OR P-value

n (%a) n (%) n (%) n (%) n (%) n (%)

Daily smokingb 1119 (29.9) 1388 (22.1) 1550 (14.1) 0.393 <0.0001 888 (31.4) 1110 (19.7) 1257 (12.8) 0.350 <0.0001

Self-reported COPDc 229 (4.6) 307 (4.5) 406 (4.3) 0.850 0.9 153 (4.0) 247 (4.1) 337 (3.5) 0.892 1.0

Self-reported COPD or asthmac 544 (11.8) 876 (13.3) 1521 (14.6) 1.198 0.03 353 (10.1) 626 (10.9) 1177 (12.3) 1.198 0.16

Body Mass Index ≥30d 853 (17.8) 1335 (20.1) 2462 (22.6) 1.249 0.1 557 (18.6) 1187 (20.0) 2497 (25.2) 1.575 <0.0001

Dyspneae 1764 (45.8) 2850 (48.0) 4191 (40.1) 0.703 0.004 1295 (42.4) 2297 (42.5) 3561 (38.9) 0.738 0.002

Cough daily in periodsf 679 (19.3) 1019 (16.7) 1612 (15.2) 0.808 0.04 666 (22.2) 1112 (20.5) 1753 (18.0) 0.746 0.003

Productive cough for three

months the two previous yearsf

424 (11.7) 580 (7.1) 788 (7.5) 0.743 0.2 428 (13.6) 582 (10.6) 891 (9.1) 0.654 0.0002

Notes:Number of participants: Tromsø 5: 7355, Tromsø 6: 12364, Tromsø 7: 20841. aAll percentages are age standardized. bTromsø 5: 37 women 20 men missing, Tromsø 6: 117

women and 68 men missing, Tromsø 7: 220 women and 200 men missing. cTromsø 5: 90 women and 30 men missing, Tromsø 6: 123 women and 98 men missing, Tromsø 7: 313

women and 199menmissing. dTromsø 5: 37women and 29menmissing, Tromsø 6: 14women and 4menmissing, Tromsø 7: 33women and 26menmissing. eTromsø 5: 608women

and 394 men missing, Tromsø 6: 635 women and 519 men missing, Tromsø 7: 217 women and 193 men missing. (Dyspneawalking fast on level ground or slight up hills). fTromsø 5:

589 women and 398 men missing, Tromsø 6: 503 women and 373 men missing, Tromsø 7: 212 women and 197 men missing.
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lung function, and the age-standardized prevalence of

moderate to severe COPD dropped between 2001–2 and

2015–16 from 5.2% to 2.7% among women and from

4.6% to 3.2% among men, P <0.001 (Table 2).

The prevalence of moderate to severe COPD increased

by age until the age of 80 in all three surveys. The drop in

prevalence from the 5th to the 7th survey tended to

increase with increasing age and a drop from 9.4% to

5.1% was observed for those aged 70–79 years (Figure 3)

The age-standardized proportion of participants with

SpO2 ≤95% decreased significantly between Tromsø 5

and Tromsø 7, from 8.4% to 2.6% among women and

from 8.6% to 4.8% among men (Table 2).

Smoking and COPD

The drop in smoking between 2001 and 2015 among those

with moderate to severe COPD, from 52.5% to 35.4%, kept

pace with those without, who had a drop from and 23.7% to

Figure 1 Prevalence of daily smoking by agea in three Tromsø Study surveys.b

Notes: aP<0.001 in all three surveys. bThe statistical significance of change between the surveys is shown in Table 1.

Table 2 Age Standardized Prevalence of Lung Function Characteristics Among Participants Aged 40–84 Years in the Tromsø Study.

Odds Ratios of Change in Prevalence Over 14 Years are Presented

Women Men

2001–2

n=2720

2007–8

n=3575

2015–16

n=3936

OR P-value 2001–2

n=2182

2007–8

n=2722

2015–16

n=3311

OR P-value

n (%a) n (%) n (%) n (%) n (%) n (%)

FEV1 < LLN 490 (15.3) 366 (8.7) 279 (6.6) 0.366 <0.0001 360 (11.9) 283 (9.9) 283 (8.4) 0.499 <0.0001

FVC < LLN 246 (6.5) 158 (4.2) 98 (2.3) 0.267 <0.0001 183 (6.0) 146 (6.0) 143 (4.1) 0.531 0.002

FEV1/FVC <0.7 656 (17.0) 720 (16.8) 819 (17.0) 0.960 0.7 673 (19.1) 708 (19.9) 843 (21.0) 0.992 0.6

FEV1/FVC <LLN 339 (10.4) 364 (9.5) 417 (9.7) 0.892 0.6 295 (10.5) 330 (10.3) 339 (10.0) 0.754 0.08

FEV1/FVC <LLN + FEV1 < LLN 230 (6.5) 175 (4.2) 166 (3.4) 0.526 <0.0001 200 (5.6) 178 (4.8) 157 (4.6) 0.533 0.003

FEV1/FVC <LLN + dyspnea or coughb 228 (7.6) 242 (6.0) 266 (5.6) 0.806 0.2 211(7.3) 228 (6.9) 213 (5.6) 0.665 0.003

FEV1/FVC <LLN + FEV1 < LLN

+ dyspnea or coughb

169 (5.2) 141 (3.2) 135 (2.7) 0.558 0.0003 155 (4.6) 140 (4.1) 125 (3.2) 0.538 0.0008

SpO2<96%
c 330 (8.4) 178 (3.1) 145 (2.6) 0.298 <0.0001 258 (8.6) 224 (5.3) 225 (4.8) 0.616 0.0002

Notes: Number of participants: Tromsø 5: 4902, Tromsø 6: 6297, Tromsø 7: 7247. aAll percentages are age standardized. bTromsø 5: 237 women and 139 men missing,

Tromsø 6: 171 women and 116 men missing, Tromsø 7: 28 women and 44 men missing.
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11.1%. Approximately 18% of current smokers had COPD in

all three surveys, the corresponding frequencies in previous

smokers were 8–9%. The frequency of COPD among never

smokers dropped from 3.3% to 1.8% between 2001 and 2016

(Table 3). Analysis adjusted for age and sex, also indicated

an increasing difference between current smokers and never

Figure 2 Age-standardized prevalencea of spirometry results in three Tromsø Study surveys.

Notes: aThe statistical significance of the trends is shown in Table 1.

Figure 3 Prevalence of moderate to severe COPDa by ageb in three Tromsø Study surveys.c

Notes: aModerate to severe COPD is defined as FEV1/FVC <LLN combined with FEV1 <LLN in subjects reporting dyspnoea or cough. bP<0.001 in all three surveys. cThe

statistical significance of change between the surveys is shown in Table 1.
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smokers in terms of COPD prevalence between 2001 and

2016. To be a current smoker predicted moderate to severe

COPD, compared to never smokers, with ORs of 8.0 (95%

CI 5.7–11.0) in Tromsø 5 and 16.7 (95% CI 10.4–26.8) in

Tromsø 7. The corresponding ORs for previous smoking

changed from 2.9 (95% CI 2.1–4.1) to 5.6 (95% CI 3.5–8.7).

The proportion of participants with moderate to severe

COPD who reported to be diagnosed with COPD,

increased from 24% in Tromsø 5 to 39% in Tromsø 6

and Tromsø 7.

Hospitalization
Age and sex standardized number of patients admitted

per year between 2010 and 2017 is shown in Figure 4. For

men, there was a significant and largely monotonous

decrease in hospitalizations over the period, from 3.6 to

3.0 per patients per 1000 inhabitants aged 40–84 years,

resulting in an OR of 0.83 for the increased prevalence of

hospitalizations over 8 years, P<0.0001. For women, the

hospitalization rate fluctuated around 3.6 per 1000 (P=0.5).

Use of COPD Medication
The age and sex standardized number of patients who

were prescribed prednisolone or/and antibiotics for

COPD exacerbations dropped between 2010 and 2017

from 6.6 to 5.8 per 1000 inhabitants, OR 0.84, P<0.0001

(Figure 5). The corresponding number of patients on main-

tenance treatment for COPD increased steadily from 15.5

Table 3 Frequency of COPDa and Moderate to Severe COPDb by Smoking Habit Between 2001 and 2016 in the Tromsø Study

2001–2 (Tromsø 5) n=4492 2007–8 (Tromsø 5) n=5929 2015–16 (Tromsø 5) n=7142

Smoker

Group

COPD Moderate

to Severe

COPD

Smoker

Group

COPD Moderate

to Severe

COPD

Smoker

Group

COPD Moderate

to Severe

COPD

n n (%) n (%) n n (%) n (%) n n (%) n (%)

Never smoker 1476 49 (3.3) 34 (2.3) 2056 37 (1.8) 20 (1.0) 2893 51 (1.8) 22 (0.8)

Previous smoker 1872 167 (8.9) 133 (7.1) 2782 236 (8.5) 139 (5.0) 3392 273 (8.0) 146 (4.3)

Current smoker 1144 220 (19.2) 154 (13.5) 1091 195 (17.9) 124 (11.4) 857 158 (18.4) 92 (10.7)

Notes: aFEV1/FVC<LLN in subjects reporting dyspnea or cough. bFEV1/FVC<LLN and FEV1<LLN in subjects reporting dyspnea or cough.

Figure 4 Number per 1000 Norwegian population aged 40–84 years hospitalized due to COPD per calendar year. Age-standardized.a

Notes: aThe OddsWw Ratio of change in prevalence over 8 years was statistically significant for men, P <0.0001, but not for women P=0.5.
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to 28.8 patients per 1000 inhabitants aged 40–84 years,

OR 1.86, P<0.0001. In the same period, the number of

patients who were prescribed short-acting bronchodilators

only as a regular treatment decreased from 9.1 to 5.8 per

1000.

Discussion
Main Findings
By using three different and independent data sources, we

found that there has been a decreasing morbidity due to

COPD from 2001 to 2017. In the Tromsø population, there

was a small decrease in age-standardized prevalence of

COPD among men, and a pronounced decrease of moderate

to severe COPD in both sexes. The age-adjusted hospitaliza-

tion rate due to COPD exacerbations has decreased among

Norwegian men, whereas the rate for women showed no

consistent trend. We could also observe a slight decrease in

the age and sex standardized prevalence of dispensed med-

ications for COPD exacerbations, whereas the use of main-

tenance medication for COPD increased.

Strengths and Limitations
The Tromsø Study

The Tromsø Study has had high response rates (65% and

above), and the study has been judged to have a high

external validity for the Norwegian population.11 The par-

ticipation rate has varied between age groups, with the

lowest rates among those younger than 50 years and

those older than 80 years, and it is likely that unhealthy

people have been under-represented. Due to bad health,

some might have chosen to refrain from participation or

not been able to attend and complete the survey. The

participation rate declined somewhat from Tromsø 5 to

Tromsø 7, and it is possible that unhealthy people to an

increasing degree have been under-represented in the more

recent surveys. Our results cannot be regarded to be valid

outside Norway, at least not outside the part of the western

world where we have seen a steep decrease in smoking.

The registration of self-reported COPD may be ques-

tioned. Medical doctors often misclassified COPD as

asthma 2–3 decades ago, while a shift towards using the

COPD label was observed between 1995 and 2005.19

Underuse of the COPD diagnosis might also have been

a problem in Norway after 2006, since the reimbursement

of combined long-acting bronchodilators and high dose

inhaled corticosteroids became restricted a few years for

COPD patients, but not when the diagnosis was asthma. We

found an increased prevalence of self-reported COPD and/

or asthma. Awave of more frequent use of asthma diagnosis

in children and young adults starting at the end of the

Figure 5 Number per 1000 Norwegian inhabitants aged 40–84 years who were treated with maintenance medication and systemic corticosteroids and/or antibiotics for

COPD exacerbation outside hospital per calendar year. Age/sex standardized.a

Notes: aThe Odds Ratios of change in prevalence over 8 years were all statistically significant, P <0.0001.
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previous century has probably with increasing strength

reached the age group we have studied after year 2000.20

The spirometers used in Tromsø 5 were different from

that used in Tromsø 6 and 7. Due to too low measurements

with the Vmax Legacy, the results in Tromsø 5 had to be

adjusted. However, the adjustment was based on measure-

ments in 48 subjects only.15 The adjustment might have

been too confined and contributed to the much lower FEV1

and FVC values in Tromsø 5 than in the two later surveys.

Without adjustment the prevalence of FEV1 <LLN and

FVC <LLN would be higher and that of FEV1/FVC

<LLN be lower, due to the higher correction factor for

FVC than for FEV1.

In spite of the increase in FEV1% predicted between

Tromsø 5 and 7, neither FEV1/FVC <0.7 nor FEV1/FVC

<LLN became significantly less prevalent. Reduced FEV1

/FVC is an early sign of COPD, and since it usually

occurs earlier in life than reduced FEV1, a longer obser-

vation time than 15 years may be needed for finding

a significant decrease in prevalence. The considerable

increase in mean FVC% predicted might have contribu-

ted. The participants were strongly encouraged to expire

as long as possible, and perhaps more strongly than in

surveys on which the GLI 2012 reference relies. We found

a mean FVC % predicted above 100% in our general

population, which, in contrast to the reference popula-

tions, include smokers and subjects with heart and lung

diseases. In line with this, the Norwegian validation study

of GLI 2012 also found the GLI reference values to

underestimate FVC, but within levels acceptable for use

of GLI 2012 in Norway.16 Increased FVC values due to

longer expirations might have been counteracted by the

increased prevalence of obesity. Variation in how the

spirometry is performed may make FEV1% predicted

a more valid measure of airflow limitation change than

FEV1/FVC.

The prevalence of FEV1/FVC<0.7 was almost twice as

high as the prevalence of FEV1/FVC <LLN. We found

a further decrease in the prevalence of COPD when

respiratory symptoms were added to the diagnostic cri-

teria. This is in line with GOLD’s recommendations,12

but seldom applied in epidemiological surveys.

The inclusion of pulse oximetry is a strength of the

study; a decreasing prevalence of oxygen saturation ≤95%

supports our finding of improved lung health. Likewise,

finding a decreased prevalence of respiratory symptoms

gives support to the main results of the study.

Impact of other factors that could lead to fewer exacer-

bations, like vaccination against influenza21 and participa-

tion in rehabilitation programs22 could not be elucidated.

The Norwegian Patient Registry

Our study is based on complete data from all acute care

Norwegian hospitals. It was possible to track patients

during transfers at different hospitals. To the best of our

knowledge, no similar study has been performed. NPR, the

data source, has been validated for several disease cate-

gories with respect to identification of cases based on

diagnoses and/or procedures and found to have a very

high degree of completeness, compared to Norwegian

national medical quality registries.23,24

It is conceivable that the threshold for hospital admis-

sion for COPD exacerbations has changed over time.

However, an analysis of readmissions (data not shown)

indicates that this has not been the case.

The Norwegian Prescription Database

The coding of prescriptions which identifies the medica-

tion prescribed for COPD makes the database very suitable

for our purpose. There is a limitation concerning the use of

systemic corticosteroids, which are dispensed in packages

enough for more than one exacerbation. The number of

patients per year using such medication for COPD exacer-

bations may thus be underestimated. However, this has

probably not influenced the trend in dispensed drugs over

time.

Comparisons with Previous Research
An even larger drop in age and sex-adjusted prevalence of

FEV1/FVC<LLN combined with FEV1<LLN was found in

Sweden between 1994 and 2009, from 8.1% to 3.1%,6 The

prevalence in Tromsø had not reached the same level in

2015 (symptoms disregarded), 4.6% in men and 3.4% in

women. The association between current smoking and

moderate to severe COPD, was similarly strong over time

in the Swedish study, current smoking predicted moderate

to severe COPD with an OR of 7.6 and 11.9 in 1994 and

2009, respectively. In a study from another part of Norway,

a drop in the prevalence of FEV1/FVC <LLN between

1995–7 and 2006–8 from 13.0% to 7.7% was found

among men, but the drop among women, from 8.8% to

6.9%, was not statistically significant.7 A similar tendency

was found in our study, but the drop in the prevalence of

FEV1/FVC <LLN between 2001 and 2016 did not reach

statistical significance. Neither did we find a drop in the
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prevalence of FEV1/FVC<0.7, which in 2015–16 was

17.1% in women and 21.1% in men. This prevalence was

higher than the corresponding prevalence of 9.9% and

15.7% reported in a recent global systematic review.25 In

this review, COPD was defined by post-bronchodilator

FEV1/FVC <0.7. We used pre-bronchodilator spirometry,

and that might partly explain the higher prevalence.26 The

effort to make our study subjects expire as long as possible,

also beyond 6 s, might also have contributed.

We found a considerable drop in the prevalence of

decreased SpO2 between 2001 and 2016 (Table 1). The

prevalence in 2001 (8.4% and 8.6% in women and men,

respectively) might seem high, but the prevalence of SpO2

≤95% was 22% in a study from primary care of patients

with asthma and COPD.27 Decreasing the incidence of

coronary heart disease in Tromsø28 can have contributed

to improved oxygen saturation.17

Increased use of maintenance treatment with LABA

has been found between 2002 and 2009 in a European

comparative study.29 In Denmark, a steady increase in

prevalent users of maintenance treatment for COPD

between 2000 and 2016, a 39% increase in total, was

found by Reilev and coworkers.30

Interpretation of the Results
The beneficial effect of smoking cessation for the clinical

course of COPD has been shown in several studies,3,31 and

it seems reasonable to argue that the steep drop in current

smoking in Norway has led to healthier lungs. We have

also seen an increased awareness of COPD as a severe, but

preventable disease, well represented by the GOLD initia-

tive. Medical treatment of COPD patients at all stages of

the disease has improved. The frequency of under-

diagnoses seems to be decreasing; increased use of spiro-

metry in primary care19 might partly explain why 39% of

participants with moderate to severe COPD reported

a COPD diagnosis in 2007 and 2015 compared to only

24% in 2001. To be diagnosed with COPD can not only

result in a higher rate of smoking cessation,32 but also to

initiation of medical treatment. Maintenance treatment

with long-acting bronchodilators can in some COPD

patient reduce symptoms and lead to improvement of

lung function,33 and the number of COPD patients ful-

filling the criteria of moderate to severe COPD could be

somewhat reduced. Maintenance treatment can also to

some degree prevent severe exacerbations,33 and thus con-

tribute to the decreased hospitalization rate observed in our

study. However, the increased awareness of COPD as

a severe disease might have decreased the threshold for

hospital admissions.

We found that the difference in risk of COPD between

smokers and never smokers has increased. Fresher air,

both at work and at home, might have been particularly

beneficial for non-smokers. A strong link between COPD

and socioeconomic status might also have played a role.34

Implications for Clinical Practice
In spite of increased use of spirometry in primary care,

COPD is still an underdiagnosed disease.35 Although avail-

ability of spirometers, the application of the instrument

varies greatly between practices.34 To promote a further

drop in smoking prevalence among subjects with COPD,

improved identification of the disease should be given high

priority. This might also lead to better medical treatment.

Conclusion
We have documented a decreased COPD morbidity

between 2001 and 2017. The decrease is, so far, not very

large, but the drop in smoking prevalence, particularly

among those younger than 50 years, gives promise of

a further substantial decrease in the coming decades.
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