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Abstract

Background: Preterm birth is associated with pulmonary complications early in life; however,
long-term risks of asthma into adulthood are unclear.

Objective: To determine asthma risks from childhood into adulthood associated with gestational
age at birth in a large population-based cohort.

Methods: A national cohort study was conducted of all 4,079,878 singletons born in Sweden
during 1973-2013, followed up for asthma identified from primary care, specialty outpatient,
and inpatient diagnoses in nationwide registries through 2018 (up to 46 years). Cox regression
was used to adjust for potential confounders, and co-sibling analyses assessed the influence of
unmeasured shared familial (genetic and/or environmental) factors.

Results: In 91.9 million person-years of follow-up, 607,760 (14.9%) persons were diagnosed
with asthma. Preterm birth was associated with increased risk of asthma at ages <10 years
(adjusted hazard ratio [HR], 1.73; 95% Cl, 1.70-1.75), 10-17 years (1.29; 1.27-1.32), and 18-46
years (1.19; 1.17-1.22). Across all ages, adjusted HRs further stratified were 3.01 (95% CI, 2.88—
3.15) for extremely preterm (22—-27 weeks), 1.76 (1.72-1.79) for very or moderately preterm (28—
33 weeks), 1.31 (1.29-1.32) for late preterm (34—-36 weeks), and 1.13 (1.12-1.14) for early term
(37-38 weeks), compared with full-term (39-41 weeks) birth. These findings were not explained
by shared familial factors. Asthma risks were elevated after spontaneous or medically indicated
preterm birth, and with or without perinatal respiratory complications.

Conclusions: In this large national cohort, preterm and early term birth were associated with
increased risks of asthma from childhood into mid-adulthood. Persons born prematurely need
long-term follow-up into adulthood for timely detection and treatment of asthma.

INTRODUCTION

Asthma has increased in prevalence over the past few decades and now affects 300 million
children and adults worldwide.1=3 In addition to environmental airborne exposures and
genetic heritability,! developmental factors such as preterm birth have been identified as
potential risk factors. Preterm birth (gestational age <37 weeks) may potentially lead

to higher long-term risks of asthma because of impaired lung function from immature
development or complications of early treatment. Approximately 11% of all births
worldwide occur preterm,# and >95% of preterm infants who receive modern neonatal care
now survive into adulthood.> ® As a result, clinicians will increasingly encounter preterm
birth survivors of all ages and will need to understand their long-term risks of asthma to
guide risk stratification and clinical care across the life course.

Most prior studies of long-term respiratory sequelae have focused on childhood and reported
increased frequency of wheezing and bronchodilator use in preterm children.” Fewer studies
have explored whether outcomes persist into adulthood, and their findings are inconsistent.
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Some have reported that preterm birth, with or without bronchopulmonary dysplasia (BPD),
is associated with reduced expiratory airflow that persists into early adulthood.8-12 However,
most epidemiologic studies have not found significantly increased risks of asthma in
adulthood,13-18 put were limited in follow-up, asthma ascertainment, and/or statistical
power. Sex-specific differences! and potential confounding by shared familial factors are
also important to assess but remain unknown. Large cohort studies with more complete
ascertainment of asthma and several decades of follow-up are needed to inform long-term
risk stratification and clinical care in preterm birth survivors.

To address these knowledge gaps, we conducted a national cohort study of over 4 million
persons in Sweden. Our goals were to examine: (1) associations between gestational age
at birth and risk of asthma up to age 46 years, the maximum follow-up currently possible
in this large cohort; (2) potential sex-specific differences; and (3) potential confounding by
shared familial (genetic and/or early life environmental) factors using co-sibling analyses.
The results will help guide long-term risk stratification, secondary prevention, and clinical
monitoring for asthma in the growing populations worldwide who were born prematurely.

METHODS

Study Population

The Swedish Birth Registry contains prenatal and birth information for nearly all births
nationwide since 1973. Using this registry, we identified all 4,088,503 singleton live
births in Sweden during 1973-2013. Singleton births were chosen to improve internal
comparability, given the higher prevalence of preterm birth and its different underlying
causes among multiple births. We excluded 8,625 (0.2%) persons who had missing
information for gestational age, leaving 4,079,878 persons (99.8% of the original cohort)
for inclusion in the study. This study was approved by the Regional Ethical Review

Board in Lund, Sweden. Participant consent was not required because this study used only
pseudonymized registry data.

Gestational Age at Birth Ascertainment

Gestational age at birth was identified from the Swedish Birth Registry based on maternal
report of last menstrual period in the 1970s and ultrasonography estimation starting in the
1980s and onward. This was analyzed alternatively as a continuous variable or categorical
variable with 6 groups: extremely preterm (22-27 weeks), very or moderately preterm
(28-33 weeks), late preterm (34-36 weeks), early term (37-38 weeks), full-term (39-41
weeks, used as the reference group), and post-term (=42 weeks). Early term birth (37-38
weeks) was examined as a separate category because it has previously been associated

with increased respiratory mortality from childhood into adulthood compared with full-term
birth.> 19 In addition, the first 3 groups were combined to provide summary estimates for
preterm birth.

Asthma Ascertainment

The study cohort was followed up for diagnosis of asthma from birth through the end of
follow-up in 2018 (maximum age 46 years; median 24.5 years). Asthma was defined based
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on International Classification of Diseases (ICD), Versions 8, 9, and 10 (/CD-8/9 code
493; /CD-10 codes J45-J46). All /CD codes were identified from primary or secondary
diagnoses in the Swedish Hospital and Outpatient Registries or from primary care records.
The Swedish Hospital Registry was started in 1964 and covered nearly 80% of the national
population in 1973 (beginning of the current follow-up period) and was subsequently
expanded to include >99% by 1987.20 Asthma diagnoses in this registry have been reported
to have a positive predictive value of 93%.20 The Swedish Outpatient Registry contains

all outpatient diagnoses from specialty clinics nationwide starting in 2001. Primary care
records previously collected by our group?! initially included all primary care diagnoses
from two populous counties covering 20% of the national population starting in 1998, then
was gradually expanded to cover 90% of the national population from 2008 and onward.

Other perinatal and parental characteristics that may be associated with gestational age at
birth and asthma were identified using the Swedish Birth Registry and national census data,
which were linked using a pseudonymous personal serial number.5 8 22-25 The following
were included as adjustment variables: birth year (continuous and categorical by decade),
sex, birth order (1, 2, =3), maternal and paternal age (continuous), maternal and paternal
education level (<9, 10-12, >12 years), maternal body mass index (BMI; continuous),
maternal smoking (0, 1-9, >10 cigarettes/day), and maternal and paternal asthma (yes/no,
ascertained from nationwide diagnoses as described above).

Maternal BMI and smoking were assessed at the beginning of prenatal care starting in
1982, and were available for 60.1% and 73.6% of the cohort, respectively. Data were
>99% complete for all other variables. Gestational age at birth was similar in persons

with or without any missing covariate data (median, 40.1 and 40.0 weeks, respectively;
Supplemental Table 1). Missing data for each covariate were treated as a separate category
in the main analyses, and sensitivity analyses were performed that (1) restricted to

persons with complete data (N=2,390,663), or (2) multiply imputed missing data using 20
imputations with all other covariates and asthma as predictors.

Statistical Analysis

Cox proportional hazards regression was used to compute hazard ratios (HRs) and 95%
confidence intervals (Cls) for associations between gestational age at birth and risk of
asthma. These associations were examined from birth to age 46 years and within narrower
age intervals (<10, 10-17, 18-46 years) among persons still living in Sweden and without a
prior diagnosis of asthma at the beginning of the respective interval. The data were analyzed
as time-to-event with attained age as the Cox model time axis. Individuals were censored

at death as identified in the Swedish Death Registry (n=41,605; 1.0%) or emigration as
determined by absence of a Swedish residential address in census data (h=238,800; 5.9%).
Analyses were conducted first adjusting only for attained age (as the model time axis) and
then additionally for all covariates (as defined above). The proportional hazards assumption
was assessed by examining log-log plots, and was met in each model.
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Potential sex-specific differences were assessed by performing sex-stratified analyses and
formally testing interactions between preterm or early term birth and sex on the additive
and multiplicative scale. Additive interactions were assessed by testing whether the relative
excess risk due to interaction (RERI) was significantly different from zero.26 Absolute

risk differences and 95% Cls, attributable fraction in the exposed (AF.), and population
attributable fraction (PAF) were computed for each gestational age group compared with
full-term.27 In a sensitivity analysis, competing risks models were performed to account for
death as a competing event, as an alternative to censoring at death.

Co-sibling analyses were performed to assess for potential confounding effects of
unmeasured shared familial (genetic and/or environmental) factors among all participants
with at least one full sibling (N=3,465,649; 84.9% of the cohort).5 ® 22-25 These analyses
can help further elucidate whether associations observed in the main analyses are due

to direct effects of preterm birth as opposed to genetic or environmental factors within
families that are shared determinants of preterm birth and asthma. Relevant environmental
factors within families may include ambient airborne exposures such as passive smoking
or air pollution. These analyses used stratified Cox regression with a separate stratum for
each family as identified by the mother’s and father’s pseudonymous serial numbers. In
the stratified Cox model, each set of siblings had its own baseline hazard function that
reflects the family’s shared genetic and environmental factors, and thus associations between
gestational age at birth and asthma were examined within families, controlling for their
shared exposures. In addition, these analyses were further adjusted for the same covariates
as in the main analyses. The co-sibling design includes only persons with siblings. In a
sensitivity analysis, generalizability to persons without siblings was explored by repeating
the primary analyses while restricting alternatively to persons with siblings (N=3,465,649)
or those without (N=614,229).

Secondary analyses were performed to examine: (1) asthma risks associated with
spontaneous (71.4%) vs. medically indicated (28.6%) preterm birth, which was
systematically recorded starting in 1990 (N=2,422,584; maximum age 29 years at end

of follow-up); (2) potential modification of risks by perinatal respiratory complications
(respiratory distress, BPD, or other chronic respiratory conditions originating in the perinatal
period); (3) associations between fetal growth and asthma risk (fetal growth was defined

as small for gestational age [SGA; <10t percentile], appropriate for gestational age [AGA;
10th-90th percentile], or large for gestational age [LGA; >90t percentile]); and (4) stratified
analyses by birth decade to assess for potential time trends, with follow-up to age 15 years to
allow a similar follow-up time for each group. All statistical tests were two-sided and used a
significance level of 0.05. All analyses were conducted using Stata version 15.1.

RESULTS

Table 1 shows perinatal and parental characteristics by gestational age at birth. Preterm
infants were more likely than full-term infants to be male or first-born; and their parents
were more likely to be at the extremes of age or have low education level. In addition, their
mothers were more likely to smoke or have high BMI or asthma at the beginning of prenatal
care.
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In 91.9 million person-years of follow-up, 607,760 (14.9%) persons were diagnosed with
asthma. The median age at the first registered asthma diagnosis was 9.1 years, and median
age at the end of follow-up was 24.5 years. The cumulative incidence of asthma was 19.3%
in persons born preterm, 16.3% in those born early term, and 14.4% in those born full-term.
Because the earliest available primary care data started in 1998 and specialty outpatient data
in 2001, the age at earliest registration of asthma does not necessarily correspond to age at
first onset (see Supplemental Figure 1 for cumulative hazard functions by birth decade).

Associations Between Gestational Age at Birth and Asthma

Gestational age at birth was inversely associated with asthma risk (Table 2). Across all ages
(up to 46 years), preterm birth was associated with a 1.4-fold risk of asthma (adjusted HR,
1.44; 95% ClI, 1.42-1.45). Each additional week of gestational age was associated with a 5%
lower risk on average (adjusted HR per additional week, 0.95; 95% CI, 0.95-0.95).

These risks were strongest in childhood, yet modest associations persisted into adolescence
and adulthood. At ages <10 years, the adjusted HR for asthma associated with preterm birth
was 1.73 (95% ClI, 1.70-1.75). Further stratified by gestational age, the adjusted HRs were
4.05 (95% ClI, 3.85-4.25) for extremely preterm, 2.26 (2.20-2.31) for very or moderately
preterm, 1.51 (1.48-1.53) for late preterm, and 1.20 (1.19-1.21) for early term, compared
with full-term birth. At ages 10-17 years, the corresponding HRs for the same gestational
age groups were reduced to 1.86 (95% ClI, 1.69-2.04), 1.40 (1.34-1.46), 1.23 (1.20-1.26),
and 1.09 (1.08-1.10), respectively. At ages 18-46 years they were further reduced but still
significantly elevated: 1.46 (95% CI, 1.30-1.63), 1.31 (1.26-1.36), 1.16 (1.14-1.18), and
1.07 (1.05-1.08), respectively. In all models, the HRs from the full model were similar to
those adjusted only for attained age (i.e., the covariates were not major confounders). Figure
1 shows adjusted HRs for asthma from birth to age 46 years by gestational age at birth.

Across the entire follow-up, preterm birth accounted for an estimated 32.0% of all asthma
cases among persons born preterm (i.e., AF) and 2.8% of asthma cases in the entire
population (i.e., PAF). Early term birth accounted for 16.2% of all asthma cases among
persons born at early term and 3.6% of asthma cases in the population (Table 2, AF; and
PAF). The PAF for preterm or early term birth together was 4.9%. By comparison, maternal
smoking had an AF, of 16.4% and PAF of 3.3%.

Sex-Specific Analyses

Gestational age at birth was inversely associated with asthma risk among males or females,
with only a slightly stronger association in males (Supplemental Table 2). Across all ages
(up to 46 years), the adjusted HR for asthma associated with preterm birth was 1.47 (95%
Cl, 1.45-1.49) in males and 1.40 (1.38-1.42) in females. Positive additive and multiplicative
interactions were found between male sex and either preterm or early term birth (i.e.,

the combined effect of these factors on asthma risk exceeded the sum or product of

their separate effects, £<0.001 for each) (Supplemental Table 3). The positive additive
interactions indicate that preterm and early term birth accounted for significantly more
asthma cases in males than females.
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Co-Sibling Analyses

Co-sibling analyses that control for unmeasured shared familial factors resulted in only
modest attenuation of risk estimates (Table 3). For example, at ages up to 46 years, the
adjusted HR for asthma associated with preterm birth was 1.44 (95% CI, 1.42-1.45) in the
primary analysis and 1.40 (1.38-1.43) in the co-sibling analysis. The corresponding HRs
were 1.73 (95% ClI, 1.70-1.75) and 1.72 (1.67-1.76) at ages <10 years, 1.29 (1.27-1.32)
and 1.21 (1.17-1.26) at ages 10-17 years, and 1.19 (1.17-1.22) and 1.13 (1.09-1.17) at ages
18-46 years.

Secondary Analyses

Both spontaneous and medically indicated preterm birth were associated with substantially
increased risk of asthma compared with full-term birth (adjusted HRs, 1.46; 95% CI, 1.44—
1.48; and 1.51; 1.45-1.57, respectively), with similar risk magnitudes (P=0.11 for difference
in HRs) (Supplemental Table 4).

Preterm birth was associated with significantly elevated risk of asthma in persons with
known perinatal respiratory complications (adjusted HR, 2.05; 95% CI, 1.69-2.49; n=1,391)
and also in those without (1.43; 1.41-1.44), compared with full-term birth (£<0.001 for
difference in these HRs). There were too few reported BPD diagnoses (n=458) to enable
separate analyses in this subgroup.

In analyses of fetal growth, SGA was associated with only a slightly increased risk for
asthma (e.g., adjusted HR at ages up to 46 years: 1.06; 95% ClI, 1.05-1.07) (Supplemental
Table 5), and was a much weaker risk factor than preterm birth (£<0.001 for difference in
HRs).

Across all decades from the 1970s through 2000s, preterm birth was associated with
substantially increased risks of asthma up to age 15 years. The adjusted HR for asthma
associated with preterm birth was 1.37 (95% CI, 1.24-1.52) for those born in 1973-1979,
compared with 1.56 (1.49-1.63) for those born in 1980-1989, 1.54 (1.50-1.58) for those
born in 1990-1999, and 1.59 (1.56-1.62) for those born in 2000-2009 (Supplemental Table
6).

Sensitivity Analyses

Competing risks models that accounted for death as a competing event yielded nearly
identical risk estimates as the main analyses that used censoring at death (e.g., preterm vs.
full-term, adjusted HR at ages up to 46 years, 1.43; 95% ClI, 1.41-1.44). As alternative
approaches for missing data, a complete case analysis and multiple imputation also resulted
in little change in risk estimates (e.g., preterm vs. full-term, adjusted HR at ages up to

46 years, 1.49; 95% ClI, 1.47-1.51; and 1.44; 1.42-1.45, respectively). In the complete

case analysis, maternal smoking and BMI were not important confounders (i.e., adjustment
made negligible difference in risk estimates). Appropriateness of the co-sibling design was
further assessed by exploring generalizability of the main analysis results to persons without
siblings. The risk estimates were nearly identical in persons with siblings (e.g., preterm vs.
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full-term, adjusted HR at ages up to 46 years: 1.44; 95% Cl, 1.42-1.46) and those without
siblings (1.43; 1.40-1.47; Pfor interaction = 0.87).

DISCUSSION

In this large national cohort study, preterm and early term birth were associated with
increased risks of asthma from childhood into mid-adulthood. Preterm and early term birth,
respectively, were associated with 73% and 20% higher risks of asthma at ages <10 years,
29% and 9% higher risks at 10-17 years, and 19% and 7% higher risks at 18-46 years,
compared with full-term birth. Persons born extremely preterm had substantially higher risks
(4-, 1.9-, and 1.5-fold at ages <10, 10-17, and 18-46 years, respectively). These risks were
only slightly higher in males than females and were largely not explained by shared genetic
or environmental determinants in families.

Prior studies have suggested that preterm birth, with or without BPD, is associated with
increased frequency of respiratory symptoms and bronchodilator use early in life.” However,
longer-term studies into adulthood have yielded inconsistent findings. A Swedish national
cohort study of 622,616 persons born in 1973-1979 found that extremely (but not later)
preterm birth was associated with a >2-fold risk of asthma medication prescription at ages
25-35 years.28 A Danish study of 1.7 million persons born in 1980-2009 reported strong
inverse associations between gestational age at birth and purchase of asthma medications
in childhood or adolescence, which were non-significant in young adulthood (ages 25-31
years).13 Other smaller studies of young adults in Norway (ages 20-24 years)14 and the
UK (ages 18-25 years)15 reported non-significant associations between preterm birth and
asthma symptoms or diagnosis. A survey of 5,192 Finnish adults aged 31 years reported

no association between preterm birth and asthma.16 A survey of 1,534 Australians reported
significant associations between preterm birth and asthma in childhood but not adulthood
(age 30-43 years).17 A retrospective cohort study of 149,398 Swedish males aged 17-20
years also found no association between preterm birth and physician-diagnosed asthma.18

Most smaller clinical studies of lung function have reported that preterm birth survivors
have reduced expiratory outflow that persists into early adulthood. A Finnish study with
719 participants reported that early preterm (<34 weeks) but not late preterm (34-36 weeks)
birth in the presurfactant era was associated with substantially reduced expiratory airflow in
young adulthood (mean age 23 years), even after excluding those with BPD.8 An Australian
study with 294 participants found that extremely preterm birth in the postsurfactant era also
was linked with substantially reduced expiratory airflow at age 25 years, which was more
severe in those with BPD.1! A meta-analysis of 11 studies reported that persons born very
preterm or with very low birthweight (mostly in the presurfactant era) had substantially
reduced expiratory airflow at a mean age of 23 years.1?

To our knowledge, the present study is the largest to date of preterm or early term birth

and asthma risks with follow-up into adulthood, and the first to assess for potential familial
confounding. We found an inverse dose-response relationship between gestational age at
birth and asthma risk that was not explained by measured covariates nor unmeasured shared
familial (genetic and/or early-life environmental) factors. Preterm and early term birth
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together were estimated to account for more asthma cases in this population than maternal
smoking. Asthma risks were elevated after either spontaneous or medically indicated
preterm birth, and with or without perinatal respiratory complications. Preterm birth was
more strongly associated with asthma risk among persons born in the 1980s through 2000s,
including the post-surfactant era, likely related to improved survival of extremely and very
preterm infants.® In contrast with preterm birth, low fetal growth had a much weaker
association with asthma risk, consistent with prior evidence.?® The present study adds to
prior evidence for long-term sequelae of preterm birth, including other respiratory outcomes
such as sleep-disordered breathing?2 and respiratory mortality® in this cohort.

Early complications of preterm birth include respiratory distress syndrome, reported in
>85% of extremely preterm neonates,3° and BPD, reported in 88% and 61% of infants

born at 23 and 26 weeks, respectively, in Sweden during 2004-200731 32 and similar
proportions in the US.33 Consistent with prior studies,10 13 our findings suggest that these
complications do not explain most subsequent risks of asthma. All preterm infants, even
those without early respiratory complications, may have impaired lung development and
alveolarization that increases long-term risks of asthma. Contributing factors may include
perinatal infections, aspiration, inadequate nutrition,3* or tobacco smoke exposure, which
have been associated with preterm birth and poor lung development or subsequent asthma.3®
Hormone-related differences in airway development also lead to relatively narrower airways
and higher risk of asthma in boys than girls, followed by reversal of this sex difference

and a female predominance after further airway maturation in adolescence.38 In preterm
birth survivors, the resulting lung disease is highly variable in phenotype but includes
obstructive disease with both structural and reactive inflammatory components.3” Preterm
birth combined with harmful environmental exposures may also potentially lead to chronic
obstructive pulmonary disease (COPD) later in adulthood.38 A recent Australian study

with 1,445 participants reported a 2.9-fold odds (95% Cl, 1.1-1.7) of COPD at age 53
years among those born at 28 to <34 weeks compared with =37 weeks, after adjusting for
sociodemographic factors and parental smoking.3?

Most preterm infants now survive into adulthood,? and thus clinicians will need to
understand their long-term asthma risks to guide risk stratification and clinical monitoring
across the life course. Clinicians and affected families should now recognize preterm birth
as a chronic condition that predisposes to the development of asthma from childhood into
mid-adulthood, especially among those born at the earliest gestational ages. Medical records
and history-taking in patients of all ages should routinely encompass birth history, including
gestational age and perinatal complications.*? Such information can help identify those born
prematurely and facilitate clinical monitoring for timely detection and treatment of asthma
in those at highest risk. Secondary preventive efforts should include avoidance of smoking,
air pollution, or occupations that involve airborne exposures, and optimal management of
asthma across the life course.?! Access to high-quality preconception and prenatal care is
also needed to help reduce the occurrence of preterm birth.42

A key strength of this study was the ability to examine gestational age at birth in relation
to asthma in a large national cohort with follow-up into mid-adulthood. This study design
minimizes potential selection or ascertainment biases and enables more robust risk estimates
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based on a national population.® ® 22-25 The availability of primary care diagnoses enabled
more complete ascertainment of asthma than has been possible in most prior studies. The
large sample size enabled well-powered assessment of narrowly defined gestational age
groups and sex-specific differences. The analyses also included thorough assessment and
control for confounding by measured covariates, including maternal smoking intensity, as
well as unmeasured familial factors. The overall asthma prevalence in this cohort (14.9%)
was similar to previously published prevalences based on clinical assessments in Sweden
and in most other European countries and the US.2

This study also had several limitations. First, asthma lacks a gold standard for diagnosis,!
and pulmonary function data were unavailable. However, high positive predictive values
(>90%) have been reported for asthma and most chronic disorders in the Swedish
registries,20 and our observed prevalences were similar to those reported in other high-
income countries.? 3 Some asthma diagnoses could be misdiagnoses of reduced expiratory
airflow that is unresponsive to bronchodilators in preterm birth survivors with neonatal lung
pathology. Outpatient data were unavailable until 1998 from primary care settings and 2001
from specialty outpatient settings. It is possible that persons born prematurely are more
likely to be diagnosed with asthma because of greater contact with the health care system
(i.e., detection bias). However, this is less likely for highly symptomatic disorders such as
asthma, or for persons born early term in whom increased risks also were found. Death

was a competing event that precluded diagnosis of asthma, but was uncommon (1.0%) in
this cohort, and competing risks models suggested that it had a negligible effect on risk
estimates. Other analytic models to examine discordant and concordant sibling pairs could
also be considered to further address potential familial confounding. Lastly, this study was
limited to Sweden and will need replication in other diverse populations when feasible.

In summary, preterm and early term birth were associated with increased risks of asthma
from childhood into mid-adulthood in a large population-based cohort. Persons born
prematurely need long-term clinical follow-up into adulthood for timely detection and
treatment of asthma.
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What is already known on this topic

Preterm birth (gestational age <37 weeks), with or without perinatal respiratory
complications, has been associated with reduced lung function early in life. However,
long-term risks of asthma into adulthood after preterm or early term (37-38 weeks) birth,
and potential confounding by familial factors, are unknown.

What this study adds

In this national cohort study of >4 million persons, preterm and early term birth,
respectively, were associated with 73% and 20% higher risks of asthma at ages <10
years, 29% and 9% higher risks at 10-17 years, and 19% and 7% higher risks at 18-46
years, compared with full-term birth, after adjusting for covariates. These findings were
largely not explained by shared familial (genetic and/or environmental) factors.

How this study might affect research, practice or policy

Persons born prematurely need long-term clinical follow-up into adulthood for timely
detection and treatment of asthma.
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Figure 1.

Adjusted hazard ratios for asthma by gestational age at birth compared with full-term birth,
Sweden, 1973-2018.
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Crump et al.

Co-sibling analyses for gestational age at birth in relation to asthma risk, Sweden, 1973-2018.

Table 3.

Per additional week (trend)

Gestational age at birth Cases HR (95% C1)&
Attained ages up to 46 years
Preterm (<37 wks) 31,945 1.40(1.38,1.43)
Extremely preterm (22-27 wks) 1,417 3.28(2.95, 3.64)
Very or moderately preterm (28-33 wks) 7,416 1.79(1.72, 1.86)
Late preterm (34-36 wks) 23,112 1.28 (1.25,1.31)
Early term (37-38 wks) 101,100  1.09 (1.08, 1.11)
Full-term (39-41 wks) 349,147 Reference
Post-term (=42 wks) 38,358 0.99 (0.97, 1.00)
Per additional week (trend) 0.95 (0.95, 0.95)
Attained ages <10 years
Preterm (<37 wks) 19,931 1.72 (1.67,1.76)
Extremely preterm (22-27 wks) 1,192 450 (3.97,5.10)
Very or moderately preterm (28-33 wks) 5,069 2.38(2.26, 2.51)
Late preterm (34-36 wks) 13,670 1.50 (1.46, 1.55)
Early term (37-38 wks) 57,290 1.15(1.13, 1.17)
Full-term (39-41 wks) 180,163 Reference
Post-term (242 wks) 17,611 0.97 (0.94, 0.99)
Per additional week (trend) 0.92 (0.92,0.92)
Attained ages 10-17 years
Preterm (<37 wks) 5266 1.21(1.17,1.26)
Extremely preterm (22-27 wks) 110 1.74 (1.42,2.11)
Very or moderately preterm (28-33 wks) 1,052 1.40(1.30,1.51)
Late preterm (34-36 wks) 4,104 1.16(1.11,1.21)
Early term (37-38 wks) 20,476  1.05 (1.03, 1.07)
Full-term (39-41 wks) 75,513 Reference
Post-term (242 wks) 7,991 1.01(0.98,1.04)
Per additional week (trend) 0.97 (0.97, 0.98)
Attained ages 18-46 years
Preterm (<37 wks) 10,478 1.13(1.09, 1.17)
Extremely preterm (22-27 wks) 233 1.37(1.09, 1.71)
Very or moderately preterm (28-33 wks) 2,170 1.24(1.16,1.34)
Late preterm (34-36 wks) 8,075 1.10(1.06, 1.15)
Early term (37-38 wks) 34,902 1.04 (1.02,1.07)
Full-term (39-41 wks) 133,729 Reference
Post-term (242 wks) 17,075 0.99 (0.96, 1.01)

0.98 (0.98, 0.98)
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a, . - . ] . . . - . .
Adjusted for shared familial (genetic and/or environmental) factors, in addition to child characteristics (birth year, sex, birth order), maternal

characteristics (age, education, smoking, BMI, asthma), and paternal characteristics (age, education, asthma).
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