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IMPORTANCE Adverse birth outcomes, including preterm birth, small for gestational age
(SGA), and large for gestational age (LGA) are associated with increased risks of hypertension,
ischemic heart disease, stroke, and heart failure, but knowledge regarding their associations
with atrial fibrillation (AF) is limited and inconsistent.

OBJECTIVE To investigate whether preterm birth, SGA, or LGA are associated with increased
risks of AF later in life.

DESIGN, SETTING, AND PARTICIPANTS This multinational cohort study included Danish,
Swedish, and Finnish national health registries. Live singleton births in Denmark from 1978
through 2016, in Sweden from 1973 through 2014, and in Finland from 1987 through 2014,
who were followed up until December 31, 2016, in Denmark, December 31, 2021, in Sweden,
and December 31, 2014, in Finland were included. Data analyses were performed between
January 2021 and August 2022.

EXPOSURES Preterm birth (less than 37 gestational weeks), SGA (less than 10th percentile
birth weight for gestational age), and LGA (more than 90th percentile birth weight for
gestational age) identified from medical birth registers.

MAIN OUTCOMES AND MEASURES Diagnosis of AF obtained from nationwide inpatient and
outpatient registers. The study team ran multivariable Cox proportional hazard models and
flexible parametric survival models to estimate hazard ratios (HRs) and 95% CIs for AF
according to preterm birth, SGA, and LGA. Sibling analyses were conducted to control for
unmeasured familial factors.

RESULTS The cohort included 8 012 433 study participants (maximum age, 49 years; median
age, 21 years; male, 51.3%). In 174.4 million person-years of follow-up, 11 464 participants had
a diagnosis of AF (0.14%; median age, 29.3 years). Preterm birth and LGA were associated
with increased AF risk in both the full population cohort and in the sibling analyses; the
multivariate HRs from the cohort analyses were 1.30 (95% CI, 1.18-1.42) and 1.55 (95% CI,
1.46-1.63), respectively. Preterm birth was more strongly associated with AF in childhood than
in adulthood. Children born SGA had an increased risk of AF in the first 18 years of life but not
afterwards.

CONCLUSIONS AND RELEVANCE Preterm births and LGA births were associated with increased
risks of AF up to middle age independently of familial confounding factors. Individuals born
SGA had an increased AF risk only during childhood.
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A trial fibrillation (AF), the most common cardiac ar-
rhythmia of clinical significance, is a growing global
epidemic.1 It is associated with increased mortality2 and

morbidity, primarily due to stroke3 and heart failure.4 Al-
though AF primarily affects middle aged and older individu-
als, it also presents in children and young adults. The inci-
dence of AF in children and young adults has increased slightly
during the past decades and its estimated prevalence is 0.12%
to 0.16%.1,5,6 Having AF in young age may entail a higher so-
cioeconomic burden than in old age because of the lifelong
work productivity loss and the increased health care costs. The
well-established risk factors for AF, such as age, male sex, ge-
netic factors, smoking, obesity, hypertension, diabetes, and
specific heart diseases,7 do not explain a substantial propor-
tion of AF cases in children and young adults.8,9 Knowledge
on the etiology of AF in children and young adults is lacking,
prompting the need for further studies in this area.

Restricted and excessive fetal growth, as reflected in small
and large for gestational age (SGA and LGA, respectively), have
been linked to increased risks of cardiovascular diseases (CVD),
includinghypertension,10 ischemicheartdisease(IHD),11 stroke,12

heart failure,13 and other cardiometabolic disorders in child-
hoodandadulthood.14,15 Shortgestationalage,asreflectedinpre-
term birth, was also found to be associated with increased risks
of IHD, stroke, and heart failure, irrespective of fetal growth.16-19

Knowledgeregardingassociationsbetweenfetalgrowthandrisks
of AF is limited and inconsistent20-25; some studies reported posi-
tive, others inverse, U-shaped, or no associations between birth
weight and AF.20-25 The 2 studies regarding preterm birth and
AF found no association.22,23 All of the earlier studies were con-
ducted in populations that were middle aged or older at base-
line. Thus, several of these studies were prone to recall bias, sur-
vival bias, or did not consider important confounders, including
familial risk factors. None of them examined both the indi-
vidual and the joint effects of fetal growth and gestational age
or the role of these exposures in pediatric and adult AF.

In this population-based study using prospectively re-
corded nationwide data on more than 8 million individuals
from 3 Nordic countries who were followed up to age 49 years,
we investigated whether preterm birth, SGA, or LGA are asso-
ciated with AF risk in childhood and adulthood. Given the
strong association between preterm birth and poor fetal
growth,26 we also examined their joint effects. To consider con-
founding by shared familial factors, we performed analyses
with a sibling design.

Methods
Study Population
We conducted a cohort study by linking several nationwide reg-
isters in Denmark, Sweden, and Finland through the unique per-
sonal identification number assigned to each resident. A de-
tailed description of the registers included and the main variables
retrieved is provided in eAppendix 1 in Supplement 1. Using the
medical birth registers, we identified all live singletons in
Denmark from 1978 through 2016 (n = 2 332 882), in Sweden
from 1973 through 2014 (n = 4 171 006), and a random sample

of 90% live singletons in Finland from 1987 through 2014
(n = 1 636 116). After excluding births with missing or implau-
sible gestational age, birth weight, or sex, our study population
consisted of 8 012 433 births (eFigure 1 in Supplement 1). The
study was approved by the Danish Data Protection Agency and
the Research Ethics Committee in Stockholm, Sweden. The
boards do not request informed consent for register-based stud-
ies. We followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guidelines.

Measures
Exposures
Information on gestational age and birth weight was
retrieved from the medical birth registers. Estimation of ges-
tational age was based primarily on ultrasound examinations
performed in the early second trimester or otherwise on the
date of the last menstrual period. Preterm birth was defined
as birth before 37 completed weeks of gestation and was cat-
egorized as extremely and very preterm (22 to 31 weeks) and
moderately preterm (32 to 36 weeks).

We calculated birth weight for gestational age according
to a Scandinavian sex-specific reference curve for normal fe-
tal growth27 and categorized it as SGA (less than 10th percen-
tile of each country’s distribution), LGA (more than 90th per-
centile), and appropriate for gestational age ([AGA] 10th to 90th
percentile). The SGA and LGA were further divided into se-
vere SGA (less than 3rd percentile), moderate SGA (3rd to less
than 10th percentile), moderate LGA (more than 90th to 97th
percentile), and severe LGA (more than 97th percentile).

Outcome
AF was defined as AF or atrial flutter, given their close
interrelationships.28 We identified individuals with a pri-
mary or secondary diagnosis of AF from the Danish National
Patient Register, the Swedish Patient Register, and the
Finnish Hospital Discharge Register using the International
Classification of Diseases codes shown in eTable 1 in Supple-
ment 1. Follow-up started at birth and ended on the date of the
first AF diagnosis, death, emigration, or the latest date with
available data (December 31, 2016, in Denmark, December 31,
2021, in Sweden, and December 31, 2014, in Finland), which-
ever came first.

Key Points
Question Are preterm birth, small for gestational age, and large
for gestational age associated with increased risks of atrial
fibrillation (AF) up to age 49 years?

Findings In this multinational cohort study with 8 million
participants, preterm birth and large for gestational age were
associated with increased risks of AF in childhood and up to age 49
years in adulthood, while an association between small for
gestational age and an increased risk of AF was observed only in
childhood. Similar findings were observed in sibling analyses.

Meaning Preterm birth, excessive fetal growth, and reduced fetal
growth may increase the risk of AF up to age 49 years.

Research Original Investigation Preterm Birth, Small for Gestational Age, and Large for Gestational Age and the Risk of Atrial Fibrillation Up to Middle Age

600 JAMA Pediatrics June 2023 Volume 177, Number 6 (Reprinted) jamapediatrics.com

Downloaded from jamanetwork.com by Karolinska Institutet University Library user on 06/13/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.0083?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.0083
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.0083?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.0083
http://www.equator-network.org/reporting-guidelines/strobe/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.0083?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.0083
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2023.0083?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.0083
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.0083


Covariates
We obtained information on children’s characteristics (ie, sex,
year of birth, country of birth, BMI, cardiac surgery, diagno-
ses of congenital anomalies, hypertension, diabetes, IHD,
stroke, and heart failure), and maternal characteristics (ie,
country of origin, education, marital status, age at delivery, par-
ity, smoking, BMI in early pregnancy, hypertensive and dia-
betic disorders before delivery, and family history of CVD), as
described in eAppendix 2 in Supplement 1.

Statistical Analyses
We first investigated the associations between gestational age
and birth weight for gestational age as continuous variables and
AF risk. We applied restricted cubic spline functions with 5
knots, located at the 5th, 25th, 50th, 75th, and 95th percen-
tiles of the distribution of each variable. Given the nonlinear-
ity of the associations (Figure 1), we further analyzed gesta-
tional age and birth weight for gestational age as categorical
variables.

We estimated hazard ratios (HRs) and 95% CIs for the
associations between preterm birth, SGA, and LGA and the
risk of AF by Cox proportional hazard regression using
attained age as the underlying time scale. The log-minus
log-survival curves and the Schoenfeld residuals suggested
that the proportional hazard assumption does not hold for
our exposures. To account for the nonproportional effects,
we performed analyses with the follow-up time split at 18
years. We also used flexible parametric survival models29 to
visualize the time-varying effects. In our main models, we
adjusted for the study participants’ year of birth and coun-
try of birth and for maternal characteristics, ie, parity, age at
delivery, education, marital status, hypertensive disorders,
and diabetes before delivery. Analyses of preterm birth were
also adjusted for sex and birth weight. To control for
unmeasured familial confounders, we conducted sibling
analyses. We ran stratified Cox models with a separate stra-

tum for each family; only sibling pairs discordant for expo-
sure and outcome contributed to the estimates. We also
analyzed the joint effects of gestational age and birth weight
for gestational age on AF risk.

To allow comparisons with earlier studies, we examined
AF risk according to birth weight categorized as low (less
than 2500 g), medium (2500 to 3999 g), or high (4000 g or
more). To test whether the association between preterm
birth or abnormal fetal growth and AF differed by the par-
ticipants’ country at birth or sex, we conducted stratified
analyses and formal tests of interaction with these vari-
ables. In sensitivity analyses we: (1) changed the start of
follow-up to the age of 1 year to exclude the possibility that
AF may be an immediate complication of treatments during
neonatal care; (2) performed analyses among participants
without congenital anomalies; (3) adjusted for maternal
smoking or BMI in early pregnancy, maternal country of ori-
gin, or maternal family history of CVD in addition to covari-
ates in our main model, restricting to individuals with data
on these variables; (4) adjusted one by one for participants’
BMI, hypertension, diabetes, IHD, stroke, and heart failure,
in addition to covariates in our main model to examine
whether these factors could contribute to the observed
associations; and (5) repeated analyses in the Danish subco-
hort after excluding individuals who underwent cardiac sur-
gery during the follow-up period to consider that postopera-
tive AF has a different origin than other AFs. Statistical
analyses were performed using SAS version 9.4 (SAS
Institute) and Stata version 15.1 (StataCorp).

Results
A total of 378 917 of our study participants were born preterm
(4.7%), 800 959 SGA (10.0%) and 802 759 LGA (10.0%). The
maximum age at the end of follow-up was 49 years (median,

Figure 1. Adjusted Hazard Ratios for Atrial Fibrillation According to Gestational Age (Weeks) and Birth Weight for Gestational Age (Percentiles)
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We placed 5 knots at the 5th, 25th, 50th, 75th, and 95th percentiles. We
adjusted for country, calendar year of birth, maternal parity, age, education,
marital status, hypertensive disorders, and diabetes before childbirth. The

model with gestational age was further adjusted for the child’s sex and birth
weight.
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21 years; IQR, 11.7-30.7 years). During the 174.4 million person-
years follow-up, 11 464 participants had AF (0.14%); the me-
dian age at diagnosis was 29.3 years (IQR, 22.3-36.4 years).
Characteristics of the cohort according to exposures are pre-
sented in eTable 2 in Supplement 1. Compared with term births,
preterm births were more likely to be firstborn or with con-
genital anomalies; mothers who experienced a preterm birth
were more likely to smoke or have a low educational level or
hypertensive disorders. Similar patterns were observed when
comparing SGA with AGA births. Compared with AGA births,
LGA births were more like to have mothers who were multipa-
rous, older, obese, or had diabetes.

Gestational Age and AF Risk
The study team observed an inverse, largely linear associa-
tion between gestational age and AF risk (Figure 1). Preterm
birth was associated with an increased AF risk during fol-
low-up (eFigure 2 in Supplement 1); the adjusted HRs were 1.30
(95% CI, 1.18-1.42) in the population and 1.29 (95% CI, 1.08-
1.55) in the sibling analysis (Table 1). The flexible parametric
survival model (Figure 2) revealed that the association attenu-
ated over time; a similar pattern was also seen when splitting
follow-up time, ie, estimates observed in the first 18 years of
the follow-up had larger effect sizes than those observed af-
terwards (Table 1).

Table 1. Incidence Rates and Hazard Ratios (HRs) With 95% CIs for Atrial Fibrillation According to Preterm Birth

Exposure

Population analysis (n = 8 012 433) Sibling analysis (n = 6 614 184)

No. of
events

Rate, per
10 000
person-
years

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

No. of
events

Rate, per
10 000
person-
years

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

Overall follow-up

Term 10 815 0.65 1 [Reference] 1 [Reference] 8113 0.59 1 [Reference] 1 [Reference]

Preterm 649 0.82 1.28 (1.18-1.39) 1.30 (1.18-1.42) 472 0.76 1.40 (1.20-1.64) 1.29 (1.08-1.55)

First 18 y of follow-up

Term 1218 0.11 1 [Reference] 1 [Reference] 1017 0.11 1 [Reference] 1 [Reference]

Preterm 132 0.25 2.26 (1.89-2.70) 2.36 (1.90-2.94) 98 0.23 2.21 (1.57-3.11) 2.33 (1.57-3.46)

After 18 y of follow-upb

Term 9597 1.75 1 [Reference] 1 [Reference] 7096 1.63 1 [Reference] 1 [Reference]

Preterm 517 2.00 1.15 (1.06-1.26) 1.16 (1.05-1.29) 374 1.91 1.25 (1.05-1.48) 1.11 (1.01-1.35)

Finer exposure categories

Extremely and
very preterm

44 0.52 0.93 (0.69-1.25) 0.89 (0.65-1.23) 31 0.49 0.89 (0.52-1.52) 0.82 (0.45-1.48)

Moderately
preterm

605 0.85 1.32 (1.21-1.43) 1.32 (1.20-1.45) 441 0.79 1.45 (1.24-1.70) 1.31 (1.10-1.57)

a Adjusted for country, calendar year of birth, sex, birth weight, maternal parity,
age, education, marital status, hypertensive disorders, and diabetes before
childbirth.

b After 18 years of follow-up, there were 4 646 035 individuals in the population
analysis, and 3 877 746 in the sibling analysis.

Figure 2. Adjusted Hazard Ratios for Atrial Fibrillation According to Preterm Birth, Small for Gestational Age, and Large for Gestational Age
From Flexible Parametric Survival Models

60

20

10

2

50

1

50

H
az

ar
d 

ra
tio

 (9
5%

 C
I)

0 20 30 40

Follow-up, y
10

Preterm birthA

50
0

3

H
az

ar
d 

ra
tio

 (9
5%

 C
I) 2

1

0 20 30 40

Follow-up, y
10

Small for gestational ageB

50

6

H
az

ar
d 

ra
tio

 (9
5%

 C
I)

3

2

0 20 30 40

Follow-up, y
10

Large for gestational ageC

4

5

1

A spline with 5 df (4 intermediate knots and 2 knots at each boundary, placed at
quintiles of the distribution of events) was used for the baseline rate and a
spline with 3 df was used for the time-varying effect. We adjusted for country,

calendar year of birth, maternal parity, age, education, marital status,
hypertensive disorders, and diabetes before childbirth. The model with preterm
birth was further adjusted for the child’s sex and birth weight.
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Birth Weight for Gestational Age and AF Risk
The risk of AF increased substantially by birth weight for ges-
tational age from the 50th percentile (Figure 1). Compared with
individuals born AGA, individuals born SGA were at lower AF
risk (adjusted HR, 0.93; 95% CI, 0.88-0.99), while individu-
als born LGA were at higher AF risk (adjusted HR, 1.55; 95%
CI, 1.46-1.63). In the sibling analysis, only LGA was associated
with AF risk. In both population and sibling analyses, the AF
risk was higher for severe than for moderate LGA (Table 2).

Being SGA was associated with an increased risk of AF dur-
ing the first 18 years of follow-up (adjusted HR, 1.27; 95% CI,
1.07-1.50) but with a reduced risk later (adjusted HR, 0.90; 95%
CI, 0.84-0.96); the association between LGA and AF risk was
similar between the 2 periods. The flexible parametric mod-
els showed that the strength of the associations with SGA or
LGA declined with increasing age at follow-up (Figure 2). Both
low and high birth weight were associated with increased AF
risk; after adjusting for gestational age, the association
remained only in cases of high birth weight (eTable 3 in
Supplement 1).

Combination of Gestational Age and Birth Weight
for Gestational Age
Compared with term AGA births, the risk of AF was increased
by 71% in preterm LGA births, 55% in term LGA births, 31% in
preterm AGA births, and 25% in preterm SGA births. The risk
of AF was 9% lower for term SGA than term AGA births
(Figure 3). In these analyses, the HRs were generally higher in
the first 18 years of follow-up than later.

Sensitivity Analyses
The associations of preterm birth, SGA, and LGA with AF risk
did not differ by the child’s sex or country of birth (eTable 4
and eFigure 3 in Supplement 1). The results remained essen-
tially unchanged when the study team: (1) set the start of the
follow-up to the age of 1 year (eTable 5 in Supplement 1); (2)
restricted the analyses to individuals without congenital
anomalies (eTable 6 in Supplement 1); (3) added maternal
smoking or BMI during early pregnancy, country of origin, or
family history of CVD to the main model (eTable 7 through
eTable 10 in Supplement 1); (4) adjusted for the study partici-
pants’ BMI, hypertension, diabetes, IHD, stroke, and heart fail-
ure in addition to the factors in the main model (eTable 11 in
Supplement 1); or (5) repeated the main analyses in the Dan-
ish subcohort after excluding individuals who had under-
gone cardiac surgery during the follow-up (n = 8268) (data not
shown).

Discussion
In this large population-based study, we found that preterm
birth and LGA were associated with increased risks of AF up
to the age of 49 years. The highest AF risk was observed in study
participants who were both preterm and LGA. These associa-
tions persisted from childhood into early middle age and were
also generally observed in the sibling analyses. Individuals born
SGA had an increased risk of AF in childhood, both when com-
pared with the general population and with their siblings.

Table 2. Incidence Rates and Hazard Ratios (HRs) for Atrial Fibrillation According to Birth Weight for Gestational Age

Exposure

Population analysis (n = 8 012 433) Sibling analysis (n = 6 614 184)

No. of
events

Rate, per
10 000
person-years

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

No. of
events

Rate, per
10 000
person-years

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

Overall follow-up

SGA 1270 0.69 0.96 (0.90-1.02) 0.93 (0.88-0.99) 877 0.62 1.08 (0.96-1.21) 1.05 (0.93-1.18)

AGA 8684 0.63 1 [Reference] 1 [Reference] 6571 0.57 1 [Reference] 1 [Reference]

LGA 1510 0.88 1.54 (1.46-1.63) 1.55 (1.46-1.63) 1137 0.78 1.25 (1.13-1.39) 1.29 (1.15-1.43)

First 18 y of follow-up

SGA 161 0.14 1.26 (1.07-1.49) 1.27 (1.07-1.50) 122 0.13 1.33 (0.99-1.78) 1.41 (1.04-1.91)

AGA 1005 0.11 1 [Reference] 1 [Reference] 838 0.11 1 [Reference] 1 [Reference]

LGA 184 0.15 1.44 (1.23-1.69) 1.44 (1.23-1.68) 155 0.15 1.07 (0.82-1.40) 1.02 (0.78-1.35)

After 18 y of follow-upb

SGA 1109 1.65 0.92 (0.87-0.98) 0.90 (0.84-0.96) 755 1.51 1.04 (0.91-1.18) 0.99 (0.87-1.14)

AGA 7679 1.69 1 [Reference] 1 [Reference] 5733 1.58 1 [Reference] 1 [Reference]

LGA 1326 2.53 1.55 (1.47-1.65) 1.56 (1.47-1.66) 982 2.32 1.29 (1.15-1.45) 1.34 (1.19-1.51)

Finer exposure categories

Severe SGA 426 0.75 1.02 (0.92-1.12) 0.98 (0.89-1.09) 282 0.67 1.19 (0.97-1.45) 1.16 (0.95-1.42)

Moderate SGA 855 0.66 0.93 (0.87-1.01) 0.92 (0.86-0.98) 607 0.60 1.05 (0.92-1.20) 1.03 (0.90-1.17)

AGA 8693 0.63 1 [Reference] 1 [Reference] 6572 0.57 1 [Reference] 1 [Reference]

Moderate LGA 958 0.81 1.41 (1.32-1.51) 1.42 (1.32-1.51) 732 0.72 1.19 (1.05-1.34) 1.22 (1.08-1.38)

Severe LGA 532 1.05 1.89 (1.73-2.06) 1.88 (1.73-2.06) 392 0.92 1.44 (1.22-1.70) 1.49 (1.25-1.76)

Abbreviations: AGA, appropriate for gestational age; LGA, large for gestational
age; SGA, small for gestational age.
a Adjusted for country, calendar year of birth, maternal parity, age, education,

marital status, hypertensive disorders, and diabetes before childbirth.
b After 18 years of follow-up, there were 4 646 035 individuals in the population

analysis and 3 877 746 in the sibling analysis.
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Evidence regarding the link between gestational age or fe-
tal growth and the risk of AF has been limited and inconsis-
tent. In contrast to this study, a Swedish cohort study22 and
the Helsinki Birth Cohort Study23 found no association be-
tween preterm birth and AF risk. A possible explanation for
the differences in results may be related to survival bias, as the
participants included in the 2 previous studies were born be-
tween 1914 and 1952, ie, when no advanced neonatal care was
available. Thus, individuals who survived after a preterm birth
in the early 20th century were likely to be healthier than the
survivors of preterm birth from our study. The 2 earlier stud-
ies reported U-shaped associations between birth weight and
the risk of AF after adjusting for gestational age, but the asso-
ciations were generally weak. Similar to this study, the Wo-
men’s Health Study21 also found a link between high birth
weight and an increased AF risk, but the inclusion of only
healthy and well-educated women limited the generalizabil-
ity of their findings. In contrast, the Atherosclerosis Risk in
Communities Study20 found that low birth weight was asso-
ciated with an increased risk of AF. These studies were lim-
ited by low statistical power, self-reported birth weight, and
lack of data on several important confounders.

To our knowledge, this study is the first to investigate the
association between birth outcomes and both pediatric and adult
AF. Preterm birth, SGA, and LGA were associated with in-
creased risks of pediatric AF and the associations for preterm
birth and SGA had larger effect sizes than the corresponding as-
sociations with AF in young adulthood. We can only speculate
about explanations for these findings. First, the etiology of pe-
diatric AF and adult AF has been suggested to differ; children
with AF are more likely to have congenital heart diseases,30 con-

ditions that may be related to both preterm birth and restricted
fetal growth.31,32 Nevertheless, when we excluded study par-
ticipants with congenital anomaly, we observed similar associa-
tions to those in the main analyses. Second, an increased risk of
AF in childhood could be a direct complication of or may be trig-
gered by neonatal treatments, more commonly occurring in pre-
term or SGA births. To address this concern, we performed sen-
sitivity analyses in which follow-up started at 1 year of age, but
the results of these analyses were similar to those of our pri-
mary analyses.

There are several potential explanations for the link of pre-
term birth and abnormal fetal growth with the risk of AF. First,
the associations may in part be due to shared genetic back-
ground or to maternal socioeconomic status,33,34 lifestyle,35-38

hypertensive disorders,39,40 and diabetes,41,42 or other con-
founders. Nevertheless, adjustment for several maternal char-
acteristics did not change the associations considerably. The
results of our sibling analyses suggest that the contributions
of shared genetic and environmental factors to the associa-
tions of preterm birth and LGA with the risk of AF are likely to
be modest but might be important in the case of the associa-
tion between SGA and AF. Second, preterm birth, SGA, and LGA
may cause cardiac remodeling and dysfunction during fetal life
and/or persistent impairment of atrial structure or function dur-
ing early childhood and adolescence,43,44 which in turn may
lead to AF. Third, preterm birth, SGA, and LGA birth may lead
to AF through adverse changes in cardiorespiratory fitness,45

blood pressure,46-48 insulin sensitivity,49,50 adiposity and lipid
deposition,51 and other cardiometabolic disorders later in life.15

Fourth, AF occurring during cardiac surgery, potentially more
common in participants with adverse birth outcomes, may also

Figure 3. Adjusted Hazard Ratios (HRs) and 95% CIs for Atrial Fibrillation
According to Preterm Birth and Birth Weight for Gestational Age

0.5 4 82
Adjusted HR (95% CI)

1

Preterm 
birth 

Birth weight for 
gestational ageEvents, No.Subgroup

Overall follow−up years

Adjusted HR
(95% CI)

8264Term and AGA 1 [Reference]
1138Term and SGA 0.91 (0.86−0.97)
1413Term and LGA 1.55 (1.47−1.64)
420Preterm and SGA 1.25 (1.14−1.38)
132Preterm and AGA 1.31 (1.10−1.56)

Preterm and LGA 1.71 (1.40−2.09)97
First 18 years of follow−up

927Term and AGA 1 [Reference]
136Term and SGA 1.23 (1.03−1.48)
155Term and LGA 1.33 (1.12−1.58)
78Preterm and SGA 2.04 (1.62−2.57)
25Preterm and AGA 2.25 (1.51−3.37)

Preterm and LGA 4.70 (3.24−6.81)29
After 18 years of follow−up

7337Term and AGA 1 [Reference]
1002Term and SGA 0.88 (0.82−0.94)
1258Term and LGA 1.59 (1.49−1.68)
342Preterm and SGA 1.15 (1.03−1.28)
107Preterm and AGA 1.20 (0.99−1.45)

Preterm and LGA 1.34 (1.06−1.71)68

Term appropriate for gestational age
(AGA) births were used as the
reference and analyses were adjusted
for country, calendar year of birth,
maternal parity, age, education,
marital status, hypertensive
disorders, and diabetes before
childbirth. SGA indicates small for
gestational age; LGA, large for
gestational age.

Research Original Investigation Preterm Birth, Small for Gestational Age, and Large for Gestational Age and the Risk of Atrial Fibrillation Up to Middle Age

604 JAMA Pediatrics June 2023 Volume 177, Number 6 (Reprinted) jamapediatrics.com

Downloaded from jamanetwork.com by Karolinska Institutet University Library user on 06/13/2024

http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2023.0083


contribute to the observed associations. Nevertheless, our point
estimates did not substantially change after we controlled for
high BMI, diabetes, hypertension, IHD, stroke, heart failure,
or cardiac surgery, suggesting that other unmeasured factors
may explain the investigated associations. A potential expla-
nation for the finding that the risk of AF was highest for the
combination of preterm birth and LGA may be that maternal
medical conditions, such as diabetes and/or obesity during
pregnancy lead to preterm birth,42,52 and together induce last-
ing physiological alterations, such as insulin resistance, vas-
cular endothelial dysfunction, and cardiac damage, that lead
to AF.36,41,53

Strengths and Limitations
The large sample size of this study allowed us to evaluate more
narrowly defined gestational age and birth weight for gesta-
tional age groups, to study their associations with both pedi-
atric and adult AF, and to perform sibling analyses to con-
sider genetic or environmental confounders shared by siblings.
The prospectively collected data from registers effectively
eliminated the possibility for recall or selection bias.

Several limitations of our study should be noted. First, al-
though the diagnoses of AF in the Nordic patient registers has
a high positive predictive value,54,55 we may have missed some

asymptomatic, paroxysmal, or mild cases of AF. Second, we
cannot rule out the possibility of residual confounding. Our
sibling analyses could partly control for unmeasured familial
risk factors, but this design itself has several limitations like
the bias caused by the carry over effects56 or nonshared
confounders.57 Third, because of the limited follow-up time,
our findings apply only to children and young adults and can-
not be generalized to the predominant group of individuals de-
veloping AF at an older age. Additionally, our results may only
be generalized to countries with predominantly White popu-
lations and universal free health care systems.

Conclusions
In this study, preterm birth and LGA birth were associated
with increased AF risks up to the age of 49 years. Individu-
als born SGA have an increased AF risk only in childhood.
Further studies with longer follow-up and that may eluci-
date the underlying mechanisms for the observed associa-
tions are warranted. As the prevalence of LGA births is
reported to increase over time,58 the possible long-term
health effects of being born LGA may become increasingly
important.
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