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Asthma and lower airway disease
Asthma-like symptoms in young children
increase the risk of COPD
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GRAPHICAL ABSTRACT
Background: Chronic obstructive pulmonary disease (COPD)
may originate in early life and share disease mechanisms with
asthma-like symptoms in early childhood. This possibility
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Abbreviations used

aHR: Adjusted hazard ratio

aOR: Adjusted odds ratio

ATC: Anatomical Therapeutic Chemical

COPD: Chronic obstructive pulmonary disease

COPSAC1960: Copenhagen Prospective Study on Asthma in

Childhood 1960

FVC: Forced vital capacity

GOLD: Global Initiative for Chronic Obstructive Lung

Disease

LAMA: Long-acting muscarinic antagonist
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Objective: We aimed to investigate the relationship between
asthma-like symptoms in young children and development of
COPD.
Methods: In a population-based cohort of women who gave
birth at the central hospital in Copenhagen during period from
1959 to 1961, we investigated data from 3290 mother-child pairs
who attended examinations during pregnancy and when the
children were aged 1, 3, and 6 years. COPD was assessed from
the Danish national registries on hospitalizations and
prescription medication since 1994. A subgroup of 930
individuals underwent spirometry testing at age 50 years.
Results: Of the 3290 children, 1 in 4 had a history of asthma-like
symptoms in early childhood. The adjusted hazard ratio for
hospitalization for COPD was 1.88 (95% CI5 1.32-2.68), and the
odds ratio for prescription of long-acting muscarinic antagonists
was 2.27 (95% CI 5 1.38-3.70). Asthma-like symptoms in early
childhood were also associated with a reduced FEV1 percent
predicted and an FEV1-to–forced vital capacity ratio at age 50
years (–3.36% [95% CI 5 –5.47 to –1.24] and –1.28 [95% CI 5
–2.17 to –0.38], respectively) and with COPD defined according to
Global Initiative for Chronic Obstructive Lung Disease stage
higher than 1 (odds ratio 5 1.96 [95% CI 5 1.13-3.34]).
Conclusion: This 60-year prospective follow-up of a mother-
child cohort demonstrated a doubled risk for COPD from
childhood asthma-like symptoms. (J Allergy Clin Immunol
2021;147:569-76.)

Key words: Asthma, COPD, cohort study

Chronic obstructive pulmonary disease (COPD) has been
regarded primarily as a smoking-related disease characterized
by respiratory symptoms and chronic airflow limitation.1 Howev-
er, the development of COPD and accelerated decline in lung
function is not fully explained by active smoking, and although
the disease normally becomes clinically apparent around the
age of 40 to 50 years, the disease trajectory may begin very early
in life. The so-called Dutch hypothesis, which was set forward in
1961,2 proposes that childhood asthma and COPD have common
origins and clinical expressions, suggesting that early life insults
may be crucial for susceptibility to later development of COPD.
In line with this, previous studies have suggested that a number
of early life factors are associated with impaired growth of lung
function, whichmay predispose to development of COPD in adult
life.3,4 These factors include in utero and childhood exposure to
tobacco smoke,5,6 low birth weight,7,8 preterm birth,8 lower respi-
ratory tract infections,9 and asthma and wheezy disorders in early
childhood.10,11 However, conclusive evidence for the association
between early life asthma-like symptoms and COPD is still lack-
ing,12 necessitating large-scale prospective studies from infancy
to adult life with sufficient information on environmental risk fac-
tors to allow adjustment for confounding factors. This is particu-
larly important because evidence of a relationship between early
life factors and asthma and COPD would imply that prevention
strategies focusing on early life could potentially reduce the
future burden of COPD.

To address this gap in knowledge, we examined the relationship
between asthma-like symptoms in young children (in their first 6
years of life) and development of COPD in a cohort of mother-
child pairs born in Denmark during the period from 1959 to 1961
(Copenhagen Prospective Study on Asthma in Childhood 1960
[COPSAC1960]). We previously studied early-life risk factors in
this cohort and found that the risk of developing asthma-like
symptoms was associated with maternal smoking, low socioeco-
nomic status, and day care attendance.13 Here, we studied COPD
development assessed from hospital diagnoses, filled medical
prescriptions in national registries after age 40 years, and lung
function measurement at age 50 years.
METHODS

Ethics
This study was approved by The Danish Data Protection Agency (2015-41-

4328), and all data was collected after approval by the local ethics committees

(H-A-2008-126).
Study population
The study population (COPSAC1960) was recruited from the Copenhagen

Perinatal Cohort, which is a cohort of 8949 mothers and their 9125 consec-

utive offspring born at the National University Hospital in Copenhagen

from October 1959 until December 1961. The mothers were mainly

residents of Copenhagen, but some were admitted because of obstetric

complications or single-parent status.14-16

Information on demographic, socioeconomic, prenatal, and postnatal

factors, as well as on the child’s growth and health was recorded prospectively

during pregnancy and childhood. The childrenwere examined and themothers

interviewed by a small team of physicians when the children were aged 1 day,

5 days, 1 year, 3 years, and 6 years.17,18

A part of the cohort has been followed up in adult life, including through a

mailed questionnaire regarding cardiovascular health at age 40 years. Data

from this questionnaire on a number of lifestyle factors, including smoking

habits, were included in the present analyses. During the period from 2009 to

2011, participants from the cohort who were living in eastern Denmark were

invited to a midlife investigation consisting of a mailed questionnaire and a

clinical health examination, which included spirometry, peak flow testing, and

blood tests for inflammatory markers.19,20
Inclusion and exclusion criteria
Only children who had attended all 3 childhood visits (at age 1, 3, and 6

years) and had a valid personal identification number were included in the

study population. Exclusion criteria were sibling status (including only the

first registered sibling), diagnosis of cystic fibrosis, or loss to follow-up before

1994.
Asthma-like symptoms in young children
Asthma-like symptoms in young children (in their first 6 years of life) was

the primary exposure in this study. These were defined as an affirmative
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answer to questions about asthma, bronchitis, bronchial asthma, and bronchial

or tracheal disorders at 1 or more time points from birth to the age of 6 years

(for the complete list, see Methods in the Online Repository at www.

jacionline.org).

End points
The primary outcome was COPD defined from registry data or lung

function measures.

Hospitalizations. Hospitalizations were assessed via linkage to the

Danish National Patient Registry, which contains data on all hospitalizations

in Danish hospitals.21 We chose to use only data from 1994 onward, because

from that time all diagnoses have been registered with World Health Organi-

zation International Classification of Diseases, Tenth Revision, coding and

both inpatient admissions and outpatient treatments are registered.We defined

cases as the first hospitalization (inpatient, outpatient, or emergency room

visit) with the disease as either the primary or secondary diagnosis. The

following disease categories were defined; COPD (J41.x, J42.x, J43.x, and

J44.x) and asthma (J45.x and J46.x), In secondary analyses we investigated

exclusive COPD, exclusive asthma, and the combination of asthma and

COPD (asthma-COPD overlap [ACO], defined as cases with hospital diag-

nosis of both asthma and COPD during follow-up), using the first hospitaliza-

tion of either asthma or COPD as a marker of debut.

Medication. Prescriptions filled at pharmacies in Denmark have been

registered in the National Prescription Registry since 199422; this includes all

prescriptions for medication for obstructive airway diseases and oral cortico-

steroids (prednisone and prednisolone). We defined cases as having filled pre-

scriptions for long-acting muscarinic antagonist (LAMA) medication at least

3 times, as well as in terms of thewider definition of having filled prescriptions

for any controller medication for obstructive lung disease at least 5 times from

1994 to 2018 (for a list of Anatomical Therapeutic Chemical [ATC] codes, see

Methods in the Online Repository at www.jacionline.org).

COPD and asthma with exacerbations were analyzed in a subanalysis. This

was defined as collection of prednisone or prednisolone from a pharmacy by

individuals fulfilling the aforementioned case criteria based on hospital

diagnosis or medication.

Lung function. Lung function was measured in a subgroup of the

those in the study population at a follow-up visit when they were around 50

years old.20 The following measures were investigated: (1) FEV1 measured as

percent predicted in relation to the reference population23 and (2) the ratio of

FEV1 to forced vital capacity (FVC) (ie, FEV1/FVC ratio). As is often done in

epidemiologic studies, COPD was defined according to the Global Initiative

for Chronic Obstructive Lung Disease (GOLD) strategy document as an

FEV1/FVC ratio less than 0.70 and airflow limitation based on the FEV1

percent predicted (www.goldcopd.org).

The following inflammatory markers were investigated in blood samples

drawn at the 50-year follow-up, as previously described: high-sensitivity

C-reactive protein (hs-CRP), IL-6, IL-10, IL-8, IFN-g, and TNF-a.20

Covariates
We investigated a range of potential confounders: sex, birth season

(summer vs winter half-year), maternal age, employment during pregnancy,

marital status at delivery, smoking during the third trimester, infections during

pregnancy (viral or bacterial), antibiotic use during pregnancy, preeclampsia,

parity, spontaneous beginning of delivery, cesarean section, birth weight,

prematurity (gestational age less than 36 full weeks or birth weight <2500 g if

missing data on gestational age), use of antibiotics by the child during the first

5 days of life, social status, and day care attendance during the first year of life

(all listed in Table I).

Smoking as an adult was based on information from the questionnaire at

age 40 years and questions in the 50-year follow-up about whether the

participants had ever smoked (yes/no).

Statistics
The main study population was compared with the excluded participants in

a dropout analysis by using the chi-square test.
The analysis of asthma-like symptoms in early life in relation to COPD and

asthma was conducted with Cox proportional hazard regression models for

hospitalization outcomes, logistic regression for medication outcomes, linear

regression for lung function measures, and multinomial regression for GOLD

stage. All participants residing in Denmark in 1994 were observed from

January 1994 until June 2015 or the event of interest, emigration, or death,

whichever came first. Cox regressionmodels were checked for proportionality

with Schoenfeld residuals. In logistic regression analyses all participants who

resided in Denmark from 1994 until age 50 were investigated.

Potential confounders were chosen as variables associated with both

asthma-like symptoms and hospitalization for COPD: maternal age,

antibiotics during pregnancy, maternal smoking in the third trimester,

prematurity, sex, and social status at age 1 year. As sensitivity analyses, we

included other potential confounders (birth weight, cesarean delivery, parity

[first, second, or later], beginning of delivery, day care during the first year of

life, and maternal factors [preeclampsia and bacterial and viral infections

during pregnancy]) (see Table E1 in this article’s Online Repository at www.

jacionline.org).

Blood inflammatory markers were log-transformed after addition of a

pseudocount of half the minimum value to those values that were below the

detection limit to obtain normal distribution.

All statistics were performed with R statistical software (version 3.5.2).

The following packages were used: tidyverse, survminer, survival, nnet, and

tableone. All results were reported with 95% CIs and significance level at a

P value less than .05.
RESULTS

Participants and baseline characteristics
A total of 9125 children were originally included in the cohort,

5835 of whom were excluded from this study. Reasons for
exclusion were death before age 32 years (n5 757 within the first
28 days; n 5 529 later in life); invalid personal identification
number (n 5 20); cystic fibrosis (n 5 2); siblings in the cohort
(n 5 114); or lack of attendance at 1 or more of the childhood
visits at age 1 (n5 1099), 3 (n5 3339), or 6 years (n5 3487). Of
the 4231 children with childhood follow-up, 3454 had complete
data on the chosen confounders and 3290 were alive and residing
in Denmark in 1994 (see the flowchart in Fig E1 in this article’s
Online Repository at www.jacionline.org). The baseline distribu-
tions of the entire cohort and the 3 analysis subgroups are shown
in Table I. In general, the participants across the different analysis
groups had lower frequencies of maternal smoking in the third
trimester (;46% vs 52%), a lower proportion of day care atten-
dance in the first year of life, a higher frequency of birth weight
more than 3000 g, and a higher frequency of high social status
in the study populations.

Of the 3290 participants, 1816 (55.2%) had information about
smoking habits from either the questionnaire at age 40 years or the
50-year follow-up and were included in sensitivity analyses on
smoking. The lung function test was completed by 930 cohort
members around the age of 50 years.

Of the final cohort of 3290 individuals, 825 children (25.1%)
had asthma-like symptoms in the first 6 years of life. The majority
of these young children had asthma-like symptoms registered at
only 1 time point (61.5%), and only 9.9% had asthma-like
symptoms registered at all 3 time points up to age 6 years.
Asthma-like symptoms in young children and

development of COPD
Asthma-like symptoms early in life were associated with a

higher risk of hospital admission with a diagnosis of COPD

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.goldcopd.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org


TABLE I. Baseline distribution

Characteristic

Children born

at CPH hospital

Hospital

outcomes Medication outcomes

Lung function

at age 50 y

No. of patients 9125 3290 3021 930

Maternal information

Age (y), mean (SD) 25.4 (6.5) 26.4 (6.4) 26.4 (6.4) 26.8 (6.6)

Parity, no. (%)

First (ref) 4473 (49.1) 1615 (49.2) 1464 (48.5) 452 (48.7)

Second 2354 (25.8) 892 (27.2) 825 (27.4) 266 (28.6)

Later 2285 (25.1) 778 (23.7) 727 (24.1) 211 (22.7)

Not employed during pregnancy, no. (%) 3242 (36.1) 1268 (38.7) 1174 (39.1) 365 (39.5)

Married at birth, no. (%) 5668 (62.4) 1993 (60.6) 2185 (72.4) 701 (75.4)

Infections during pregnancy, bacterial or viral, no. (%) 2050 (23.4) 806 (24.6) 736 (24.5) 217 (23.4)

Antibiotic use during pregnancy, no. (%) 253 (3.0) 86 (2.6) 77 (2.5) 18 (1.9)

Preeclampsia, no. (%) 379 (4.2) 148 (4.5) 131 (4.3) 42 (4.5)

Maternal smoking in third trimester (cigarettes/d), no. (%)

None (ref) 4261 (47.6) 1759 (53.5) 1622 (53.7) 521 (56.0)

1-2 629 (7.0) 216 (6.6) 195 (6.5) 61 (6.6)

3-10 2733 (30.5) 910 (27.7) 837 (27.7) 250 (26.9)
>_11 1323 (14.8) 405 (12.3) 367 (12.1) 98 (10.5)

Birth information, no. (%)

Spontaneous beginning of delivery 6556 (74.4) 2266 (71.7) 2080 (71.5) 615 (68.6)

Cesarean section 659 (7.4) 301 (9.2) 272 (9.1) 84 (9.2)

Child information, no. (%)

Sex, male 4114 (50.7) 1645 (50.0) 1522 (50.4) 403 (43.3)

Birth weight

<2050 g (ref) 966 (10.6) 125 (3.8) 107 (3.5) 31 (3.3)

2050-2500 g 750 (8.2) 243 (7.4) 227 (7.5) 57 (6.1)

2550-3000 g 1971 (21.6) 737 (22.4) 682 (22.6) 219 (23.5)

3050-3500 g 3043 (33.4) 1230 (37.4) 1136 (37.6) 358 (38.5)

>3500 g 2393 (26.2) 955 (29.0) 869 (28.8) 265 (28.5)

Prematurity 1369 (15.0) 259 (7.9) 240 (7.9) 66 (7.1)

Penicillin on d 1-5 978 (12.2) 356 (11.4) 327 (11.4) 91 (10.3)

Low social status at age 1 y 4322 (65.6) 1912 (58.1) 1766 (58.5) 496 (53.5)

Day care attendance in the first year of life 1060 (13.4) 389 (11.9) 357 (11.9) 106 (11.5)

CPH, Copenhagen National University Hospital; ref, reference.
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(adjusted hazard ratio [aHR]5 1.88 [95%CI5 1.32-.68]) (Fig 1).
A similar association was found for a filled prescription of a
LAMA medication (adjusted odds ratio [aOR] 5 2.27 [95%
CI5 1.38-3.70]) (Fig 2 and Table II), as well as use of any asthma
or COPD controller medication (aOR 5 1.71 [95% CI 5 1.35-
2.17]) (Table II). Number of time points with symptoms in child-
hood indicated a dose-response relationship, with the highest risk
seen for children with symptoms at all 3 time points in relation to
asthma hospitalization, COPD medication (a LAMA), and any
controller medication but not for hospitalization due to COPD
(see Table E2 in this article’s Online Repository at www.
jacionline.org).

Additional covariate adjustment for birth weight, cesarean
delivery, parity (first, second, or later), beginning of delivery, day
care during the first year of life, and maternal factors (preeclamp-
sia and bacterial and virus infections) during pregnancy did not
change the conclusions (see Table E3 in this article’s Online Re-
pository at www.jacionline.org). Additional adjustment for adult
smoking in the subpopulation of 1816 individuals, where this in-
formation was available, showed similar results (aHR for hospi-
talization due to COPD 5 1.82 [95% CI 5 1.04-3.21]). The
same was the case for an analysis performed in the strata of
smokers (see Table E3), whereas there were too few COPD cases
for analysis in the nonsmoking stratum. Asthma-like symptoms in
young children were not significantly associated with adult smok-
ing (aOR of smoking 5 1.16 [95% CI 5 0.93-1.46]), and there
were no significant interactions between asthma-like symptoms
early in life and adult smoking in relation to any outcomes
(data not shown).

Asthma-like symptoms early in life were also associated with a
hospital diagnosis of asthma after age 30 (aHR5 .11 [95% CI5
1.45-3.08]), and with COPD in individuals without an asthma
diagnosis (aHR5 1.64 [1.05-2.55]), but the strongest association
was found for diagnosis of both asthma and COPD (aHR 5 2.75
[95% CI 5 1.52-4.98]) (see Table E4 in this article’s Online Re-
pository at www.jacionline.org). The associations were robust to
different definitions of hospitalization (see Table E5 in this arti-
cle’s Online Repository at www.jacionline.org).

The associations were stronger in relation to COPD and asthma
with exacerbations (see Table E3). To investigate incident cases of
adult lung disease, we excluded all individuals who had collected
any asthma or COPD medication during the period from 1994 to
2004 (generally, this was a little more than half of the cases in
each category). This showed similar effect sizes for a COPD diag-
nosis and COPD or asthma medication, but a slightly smaller es-
timate for asthma (see Table E3). Generally, the findings in the
sensitivity analyses were robust and with similar effect estimates
(see Table E3).

http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
http://www.jacionline.org
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Lung function in adulthood
Asthma-like symptoms in young children were also associated

with lower lung function at age 50 in terms of FEV1 percent
predicted (95% CI 5 –3.36% [95% CI 5 –5.47 to –1.24]),
FEV1/FVC ratio (–1.28 [95% CI 5 –2.17 to –0.38]), and risk
of COPD defined from lung function according to GOLD criteria
(Table II).

As expected, lung function measures at age 50 years were
strongly associated with use of a COPD medication (a LAMA)
and any COPD or asthma medication (see Table E6 in this arti-
cle’s Online Repository at www.jacionline.org).
Blood inflammatory markers in adulthood
Asthma-like symptoms in young children were not associated

with adult inflammatory markers in the subgroup of the cohort
who attended the 50-year follow-up visit (see Table E7 in this ar-
ticle’s Online Repository at www.jacionline.org).
DISCUSSION

Primary findings
In this 60 -year prospective follow-up of a clinical mother-child

cohort we demonstrated a doubled risk for development of COPD
in children with prospectively diagnosed asthma-like symptoms
in the first 6 years of life. This estimate was similar for
hospital diagnoses, medication use, and airflow limitation at age
50 years. The risk may increase in older age when the prevalence
of COPD increases. This finding suggests early life as an
important time point for a possible intervention to reduce risk
of COPD.
Strength and limitations
The major strength of our study is the clinical, prospective

mother-child cohort design following a large group of pregnant
women and their children to late adulthood.

Furthermore, all pregnancy and childhood data were collected
by only a few physicians. The physician Aage L. Villumsen
examined all of the pregnant women, and the physician Bengt
Zachau and 2 pediatricians in training examined all of the
children at 5 clinic visits from birth to age 6 years. Having early
asthma-like symptoms registered prospectively mitigates risk of
recall bias due to later disease development and thereby provides
a more valid estimate of association with later disease. The
extensive information on the exposome during pregnancy and
early childhood allowed comprehensive adjustment for covari-
ates, although residual confounding can never be ruled out in an
observational study. The cohort was well described previously in
a large number of publications focusing mainly on the effects of
early prenatal and postnatal factors on long-term development of
physical andmental health.17,18 It is a strength that our finding of a
positive association between asthma-like symptoms in young
children and COPD in adulthood was consistent across multiple
outcome definitions and remained significant after comprehen-
sive confounder adjustments. A subgroup of participants assessed
at age 50 years had COPD diagnosed from spirometry data.
Spirometry is sufficient to diagnose COPD in the majority of
cases, but further diagnostic workup, including measurement of
diffusion capacity, may be necessary in some cases to reduce
the risk of misclassification. It is a limitation that the GOLD stage
categorization was based solely on prebronchodilator lung func-
tion because bronchodilator reversibility unfortunately was not
assessed.

http://www.jacionline.org
http://www.jacionline.org


TABLE II. Childhood asthma-like symptoms in relation to adult respiratory diseases and lung function

Indicator

No asthma-like symptoms

during childhood

Asthma-like symptoms

during childhood

Confounder-adjusted

risk estimate

Hospitalization at age 35-60 y No. of cases/total no. No. of cases/total no.

aHR (95% CI)

P value

COPD 79/2465 53/825 1.88 (1.32-2.68)

<.001

Asthma 93/2465 67/825 2.22 (1.65-3.05)

<.001

Prescription for medication filled at age 35-60 y No. of cases/total no. No. of cases/total no.

aOR (95% CI)

P value

LAMA 39/2270 30/751 2.27 (1.38-3.70)

.001

Any controller 239/2270 126/751 1.71 (1.35-2.17)

<.001

Lung function* Mean (SD) Mean (SD)

Adjusted estimate (95%CI)

P value

FEV1 % predicted 93.8 (13.5) 90.1 (15.4) –3.36 (–5.47 to –1.24)

.0019

FEV1/FVC ratio 76.3 (5.8) 74.8 (6.7) –1.28 (–2.17 to –0.38)

.0054

GOLD stage No. of cases/total no. No. of cases/total no.

aOR (95% CI)

P value

1 52/704 19/226 1.12 (0.64-1.97)

.70

2/3 40/704 25/226 1.93 (1.12-3.31)

.018

All estimates are adjusted for sex, prematurity, maternal age, antibiotic use in pregnancy, maternal smoking during the third trimester, and social status at the age of 1 year.

*Lung function and GOLD estimates are additionally adjusted for adult smoking; FEV1/FVC ratio is additionally adjusted for weight and height.
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It is a limitation that COPSAC1960 cannot be considered repre-
sentative of the Danish population 60 years ago. All of the chil-
dren were born at the hospital at a time when the most common
birth setting was either home birth or birth clinic. The maternity
departments at the University Hospital admitted women with pre-
vious or current pregnancy complications as well as women living
under social conditions that made delivery at home inconvenient
(mainly single mothers), but the majority of pregnant women
were residents in Copenhagen who were admitted without preg-
nancy complications.14
Interpretation
Our study showed that asthma-like symptoms in young

children were associated with a doubled risk of later COPD.
This risk may increase further in later age, as the prevalence of
COPD increases. This is the first time that the hypothesized
association between early life asthma-like symptoms and later
COPD has been demonstrated in a 60-year clinical, prospective
mother-child cohort that included comprehensive adjustments for
potential lifestyle confounders in pregnancy, childhood, and
adulthood.

Previous birth cohort studies have shown that asthma-like
symptoms in early childhood are associated with reduced lung
function later in childhood.4,24-28 Furthermore, studies of infant
lung function have demonstrated that children with asthma-like
symptoms already have reduced lung function at birth,24-27 and
that this reduced lung function seems to be relatively unchanged
to age 13 years,26 which suggests that an association between
asthma-like symptoms in young children and risk of COPD could
be the result of inborn reduced lung function and thereby heredity
and/or prenatal mechanisms.

The Melbourne Asthma Study followed children from age 7
years until age 50 years and demonstrated that children with
severe asthma at age 10 years had reduced lung function later in
life and a high risk of developing COPD, defined as an FEV1/FVC
ratio less than 0.70.10 Furthermore, birth cohorts have shown that
reduced lung function is a relatively stable trait from birth to
adulthood,24,26,29 and studies in adults have indicated that lung
function impairment in early adulthood identifies a group of indi-
viduals in whom chronic respiratory diseases, including COPD,
are more likely to be diagnosed.30 Our study closes the gap be-
tween these cohort studies and includes information on pregnancy
and prospective symptoms monitored from birth. This demon-
strates a direct link between asthma-like symptoms in young chil-
dren and COPD in a single cohort followed from pregnancy and
birth to age 60 years. The adjustment for a large range of lifestyle
factors supports the notion that this association is not due to con-
founding from lifestyle factors but instead reflects shared disease
mechanisms.

Traditionally, COPD has been associated with an accelerated
decline in FEV1, but recent analyses of data from large longitudi-
nal cohorts31 suggest that approximately half of the patients who
were subsequently classified as having COPD already had low
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lung function at baseline and a close to normal lung function
decline. Importantly, this lung function trajectory was associated
with a history of asthma, which may suggest that children with
early asthma-like symptoms have an increased risk of a specific
COPD subtype characterized by initial low lung function and a
normal lung function decline.31

Although asthma and COPD have been regarded as distinct
disease entities for decades, it has been increasingly acknowl-
edged in recent years that patients often present with overlapping
features.32,33 This overlap between asthma and COPD is now
widely referred to as ACO.34 Studies have shown that patients
classified as havingACO havemore symptoms, more frequent ex-
acerbations, and more hospital admissions than do patients with
asthma and COPD alone.34-36 In the present study, asthma-like
symptoms in early life showed a particularly strong association
with a hospital diagnosis of both asthma and COPD after age
30 years, and they were also strongly associated with COPD
with exacerbations requiring oral corticosteroids. This shows
the importance of early-life asthma-like symptoms as a risk factor
for developing a more vulnerable phenotype of adult obstructive
lung disease.

At present, there is a large knowledge gap related to the early
origins of COPD and, consequently, a substantial limitation of our
ability to prevent and modify the natural course of the disease.
The present study revealing a robust association between asthma-
like symptoms in young children and development of COPD
therefore adds important knowledge of determinants of disease
and points toward early life or prenatal life as an important
window of opportunity for disease prevention.
Conclusion
We have demonstrated an association between asthma-like

symptoms in young children and development of COPD. This
confirms the hypothesis that adult obstructive lung disease and
reduced lung function are partly determined in prenatal and/or
early life. This suggests early life as an important time point for a
possible intervention to reduce risk of COPD.

We acknowledge the crucial role of A. L. Willumsen and B. Zachau-

Christiansen in establishment of the cohort and thank the Copenhagen

Perinatal Cohort Steering Committee for permission to conduct this study.

Data can be requested from the corresponding author after protocol approval

and signing of a data sharing agreement.

Clinical implications: COPD may be founded in childhood,
suggesting early life as an important time point for prevention
of COPD.
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METHODS

LAMA medication
The following ATC codes were used for defining LAMA medication:

R03AL03, R03AL04, R03AL05, R03AL06, R03AL07, R03AL08,

R03AL09, R03BB04, R03BB05, R03BB06, R03BB07, and R03BB54.

Controller medication
The following ATC codes were used for defining any asthma/COPD

controller medication:

R03AK04, R03AK05, R03AK06, R03AK07, R03AK08, R03AK09,

R03AK10, R03AK11, R03AK12, R03AK13, R03AL03, R03AL04,

R03AL05, R03AL06, R03AL07, R03AL08, R03AL09, R03BA01,

R03BA02, R03BA03, R03BA04, R03BA05, R03BA06, R03BA07,

R03BA08, R03BA09, R03BB04, R03BB05, R03BB06, R03BB07,

R03BB54, R03BC01, R03BC03, R03BX01, R03DA01, R03DA02,

R03DA03, R03DA04, R03DA05, R03DA06, R03DA07, R03DA08,

R03DA09, R03DA10, R03DA11, R03DA12, R03DA20, R03DA51,

R03DA54, R03DA55, R03DA57, R03DA74, R03DB01, R03DB02,

R03DB03, R03DB04, R03DB05, R03DB06, R03DC01, R03DC02,

R03DC03, R03DC04, R03DC53, R03DX01, R03DX02, R03DX03,

R03DX05, R03DX06, R03DX07, R03DX08, R03DX09, and R03DX10.

Definition of asthma-like symptoms
The following variables were used for the definition of asthma-like

symptoms: Lungs-bronchial-tracheal sickness once or twice at 0-1 y; Illness

mentioned in quest., bronchitis 0-1 y; Special illness, bronchial asthma 0-1 y;

Bronchitis 1-3 y; Illness mentioned in the questionnaire, bronchitis 1-3 y;

Special illness, bronchial asthma 1-3 y; Lungs-bronchial-tracheal sickness in

at age 1-1½ y of age 1½-2 y of age 2-2½ y or age 2½-3 y; Bronchitis 3-6 y;

Illness mentioned in the questionnaire, bronchitis 3-6 y; Special illness,

bronchial asthma 3-6 y; Lungs-bronchial-tracheal sickness in at age 3-4 y or

age 4-5 y or age 5-6 y.
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FIG E1. Flowchart.
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TABLE E1. Covariates associated with both asthma-like

symptoms in young children and hospitalizations due to

COPD in adulthood

Associations with

asthma-like symptoms OR 95% CI P value

Sex, male 1.36 1.18-1.56 <.001

Maternal smoking in

third trimester

(cigarettes/d)

F* < .001

None (ref) — — —

0-2 (ref) 1.09 0.82-1.45 .55

3-10 1.34 1.14-1.57 <.001
>_11 1.58 1.28-1.95 <.001

Social status at the

age of 1 y

F* 5 .001

0-4 points (ref) — — —

5-6 points 0.86 0.53-1.41 .54

7-8 points 0.65 0.41-1.07 .08

9-10 points 0.56 0.35-0.92 .019

11-12 points 0.64 0.39-1.05 .071

13-20 points 0.55 0.34-0.89 .013

Prematurity� 1.44 1.14-1.82 .002

Mother’s age 0.98 0.97-0.99 .001

Antibiotic use during

pregnancy

1.41 0.93-2.10 .09

Associations with COPD HR 95% CI P value

Sex, male 0.81 0.60-1.11 .19

Maternal smoking in

third trimester

(cigarettes/d)

F < .001

None (ref) — — —

1-2 2.08 1.18-3.66 .011

3-10 2.06 1.44-2.93 <.001
>_11 2.14 1.37-3.36 .001

Social status at the

age of 1 y

F < .001

0-4 points (ref) — — —

5-6 points 0.78 0.36-1.66 .52

7-8 points 0.47 0.22-1.01 .05

9-10 points 0.35 0.16-0.78 .011

11-12 points 0.38 0.17-0.87 .022

13-20 points 0.14 0.06-0.34 <.001

Prematurity� 1.19 0.71-2.00 .50

Mother’s age, y 0.97 0.94-0.99 .006

Antibiotic use during

pregnancy

1.46 0.65-3.30 .36

OR, Odds ratio; ref, reference.

*For categoric variables, the P value from the overall F test is reported.

�Prematurity is defined from gestational age less than 36 full weeks or birth weight

less than 2500 g when data on gestational age are missing.
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TABLE E2. Number of time points with symptoms during childhood in relation to adult respiratory outcomes

No. of time points during

childhood with

symptoms

Asthma hospitalizations,

HR (95% CI)

COPD hospitalizations,

HR (95% CI)

LAMA collections, OR

(95% CI)

Any controller

collections, OR (95% CI)

1 1.92 (1.30-2.82) 1.88 (1.24-2.85) 2.14 (1.16-3.78) 1.58 (1.18-2.09)

2 2.70 (1.70-4.27) 1.95 (1.14-3.36) 2.09 (0.89-4.35) 1.73 (1.16-2.53)

3 2.88 (1.39-6.00) 1.69 (0.68-4.21) 3.55 (1.16-8.88) 2.64 (1.46-4.58)

OR, Odds ratio.

All estimates are adjusted for sex, prematurity, maternal age, antibiotic use in pregnancy, maternal smoking in the third trimester, and social status at the age of 1 year.
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TABLE E3. Sensitivity analyses of asthma-like symptoms in young children associated with COPD and asthma in adult life,

hospitalizations, and filled prescriptions for medication

Hospitalization

aHR (95% CI)

P value

Main analysis Extra confounders* Ever-smokersy Never-smokersy Incident casesz Exacerbations§

n 5 3290 n 5 2918 n 5 1057 n 5 759 n 5 2364 n 5 3207

COPD 1.88 (1.32-2.68)

<.001

1.70 (1.16-2.50)

.007

1.83 (1.00-3.34)

.048

na 1.88 (1.14-3.10)

.014

2.60 (1.47-4.63)

.001

Asthma 2.22 (1.62-3.05)

<.001

2.48 (1.74-3.52)

<.001

1.27 (0.66-2.44)

.48

3.30 (1.72-6.35)

<.001

1.68 (0.91-3.12)

.10

2.37 (1.40-4.02)

.001

Prescription

for medication

filledk

aOR (95% CI)

P value

n 5 3021 n 5 2684 n 5 1009 n 5 720 n 5 2159 n 5 2705

LAMA 2.27 (1.38-3.70)

.001

1.88 (1.07-3.26)

.025

na na 2.30 (1.14-4.53)

.017

2.81 (1.51-5.21)

<.001

Controller 1.71 (1.35-2.17)

<.001

1.73 (1.33-2.25)

<.001

1.67 (1.08-2.57)

.020

1.90 (1.09-3.22)

.020

1.65 (1.04-2.59)

.031

1.81 (1.30-2.51)

<.001

na, Not applicable due to too few cases.

All estimates are adjusted for sex, prematurity, maternal age, antibiotic use in pregnancy, maternal smoking in the third trimester, and social status at age 1 year.

*For the extra confounders estimates are adjusted for sex, birth weight, cesarean delivery, parity (first, second, and later), beginning of delivery, prematurity, penicillin on days 1 to

5, day care during the first year of life, and maternal factors (age, smoking, preeclampsia, infections during pregnancy, antibiotic use during pregnancy, social status, marital status,

and employment during pregnancy).

�Smoking was assessed at age 40 years and age 50 years as previous or current smoking and categorized as ever or never.

�Incident cases exclude all persons who filled a prescription for any respiratory (ATC R03**) medication from 1994 through 2003.

§Exacerbations are cases of patients who also collected prednisone/prednisolone as a prescription medication (ie, compared with the main analysis, which excluding cases with no

prednisolone and had no restrictions on noncases). For hospitalized cases, exacerbation refers to time to first prednisone/prednisolone use after hospitalization. Hospitalization

cases with no later prednisone/prednisolone use are excluded.

kFor filled prescription for medication, the values of n are lower owing to the restriction of follow-up to minimum age 50 years. In smoking strata models did not converge for

LAMA outcomes.
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TABLE E4. Stratified analyses of COPD and asthma hospital-

ization in exclusive groupings

Reason for

hospitalization No. of cases/Total

aHR (95% CI)

P value

COPD without asthma 87/3126 1.64 (1.05-2.55)

.030

Asthma without COPD 115/3157 2.11 (1.45-3.08)

<.001

Asthma-COPD overlap 44/3085 2.75 (1.52-4.98)

<.001

All estimates are adjusted of sex, prematurity, maternal age, antibiotic use during

pregnancy, maternal smoking in the third trimester, and social status at age 1 year.
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TABLE E5. Sensitivity analyses of COPD and asthma hospitalization definitions

Hospitalization

No. of cases, HR (95% CI), and P value

Main analyses Primary diagnosis only Inpatient only Outpatient only

COPD n 5 132

1.88 (1.32-2.68)

<.001

n 5 94

1.75 (1.14-2.66)

.009

n 5 73

2.24 (1.41-3.58)

<.001

n 5 110

1.86 (1.27-2.74)

.002

Asthma n 5 160

2.22 (1.62-3.05)

<.001

n 5 120

2.34 (1.63-3.38)

<.001

n 5 66

2.05 (1.25-3.37)

.005

n 5 141

2.32 (1.66-3.25)

<.001

HR, Hazard ratio.

Main analyses are inpatient and outpatient hospitalizations with either a primary or a secondary diagnosis. Primary diagnoses are excluding secondary diagnosis, inpatient

hospitalizations are excluding outpatient hospitalizations, and outpatient hospitalizations are outpatient hospitalizations only. All estimates are adjusted for sex, prematurity,

maternal age, antibiotic use during pregnancy, maternal smoking the third trimester, and social status at age 1 year.
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TABLE E6. Associations between lung function at age 50 years and filled prescription for medication

Indicator

LAMA, >_3 collections,

OR (95% CI)

Any controller, >_5 collec-

tions, OR (95% CI)

Lung function

FEV1 % predicted 0.90 (0.86-0.93) 0.95 (0.94-0.97)

FEV1/FVC ratio 0.80 (0.74-0.85) 0.89 (0.86-0.92)

GOLD stage

GOLD stage 1 vs no

GOLD stage

2.88 (0.15-19.8) 1.10 (0.41-2.45)

GOLD 2-3 vs no

GOLD stage

31.7 (10.0-120.0) 7.83 (4.43-13.7)

OR, Odds ratio.

Estimates are unadjusted.
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TABLE E7. Asthma-like symptoms in young children associ-

ated with inflammation markers at age 50 years

Inflammation marker

(n 5 925)

aGMR (95% CI)

P value

hs-CRP 1.18 (1.00-1.39)

.06

TNF-a 1.06 (0.99-1.13)

.09

IL-6 1.07 (0.96-1.20)

.22

IL-10 1.05 (0.81-1.36)

.72

IL-18 1.02 (0.95-1.08)

.63

IFN-g 0.89 (0.77-1.04)

.15

aGMR, Adjusted geometric mean ratio; hs-CRP, high-sensitivity C-reactive protein.

Inflammation markers are log transformed before analysis, and estimates are

geometric mean ratio. All estimates are adjusted for sex, prematurity, maternal age,

antibiotic use in pregnancy, maternal smoking the third trimester, and social status at

age 1 year.
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