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Abstract 

Children with obesity have a cardio-metabolic risk profile that may predispose them to 

cardiovascular diseases. We examined the associations between childhood body mass index 

(BMI) levels and changes on the risk of atrial fibrillation and flutter (AFF) in adulthood. 

We conducted a population-based cohort study of Danish schoolchildren aged 7-13 years born 

from 1930−1989. Among 314,140 children, 17,594 were diagnosed with AFF as adults. In both 

men and women, above-average BMIs in childhood were associated with increased risks of AFF. 

Children who were persistently heavy at ages 7 and 13 years, and children whose BMI increased 

from the internal 25th-75th percentiles or from the internal 75.1 th-90th percentiles between ages 7 

and 13 years had higher risks of AFF in adulthood than children whose BMIs remained in the 

internal 25th-75th percentiles at both ages. A decrease in BMI percentile categories between 7 and 

13 years of age reduced risks of AFF in adulthood, with risks of AFF reverting to levels similar 

to those in the reference group for women, but not for men.  

In conclusion, risks of AFF in adulthood increased with higher childhood BMIs. Remission from 

overweight by age 13 years reduced AFF risks, especially in women.  

Keywords: Childhood BMI, atrial fibrillation, cohort study  
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Worldwide, the prevalence of childhood obesity has increased by about 50% between 1980 and 

2013.(1) While the most marked rise occurred in high-income countries, substantial increases 

also were observed in low- and middle-income countries.(1, 2) With the rise in the number of 

children affected by overweight and obesity, the prevalence of long-term complications such as 

weight-related orthopedic problems, diabetes, social stigmatization, and cardiovascular diseases 

also have increased.(3)  

Atrial fibrillation and atrial flutter (AFF), the most frequent chronic cardiac arrhythmias, 

have increased in incidence and prevalence in recent years.(4) The potentially serious 

consequences of AFF include increased rates of death, hospitalization, reduced quality of life, 

stroke, and heart failure.(5) Thus AFF represents a major and growing health care burden for 

Western countries.(6) The lifetime risk of AFF is approximately 30%-40%, with a 1.5 fold 

higher risk in men than in women.(7, 8)  

The pathogenesis of adult cardiovascular diseases involves a complex interplay between 

genetic and environmental factors, including early life determinants, some operating already in 

utero,(9-14) which may also influence the risk of AFF. Childhood body size has plausible links 

with AFF as well, since high childhood body mass index (BMI) values are associated with 

coronary heart disease,(15) ischemic stroke,(16) and type II diabetes.(17) We examined 

associations of levels and changes in BMI among children ages 7 to 13 years and their 

subsequent risk of AFF in adulthood. If levels and changes in BMI during childhood are 

associated with later AFF risk, the rationale for early strategies to prevent overweight in 

childhood becomes even more compelling.  
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METHODS 

Setting, design, and study population 

This population-based cohort study included children born between 1930 and 1989 who 

participated in mandatory annual health examinations at public and private schools in the 

Municipality of Copenhagen, Denmark. The Danish Civil Registration System, established in 

1968,(18) maintains vital statistics records with daily updates. The Civil Registration System 

also assigns a unique personal identification number to each Danish resident at birth or upon 

immigration. This identifier allows linkage of individual-level data across Danish registries.(18)  

 

Body mass index  

At the health examinations, children’s height and weight were measured without or with light 

clothing. Each child’s height and weight measurements (annually until 1984, at school entry and 

exit thereafter) were documented on a personal health card also containing the child’s name, date 

of birth, and birth weight (obtained from health records or reported by the children’s parents or 

guardians at school entry since the birth year of 1936). Data on the personal health cards have 

been computerized and recorded in the Copenhagen School Health Records Register.(19) 

Linkages to the Civil Registration System succeeded in 88% of these records. Missing linkages 

were primarily due to death or emigration before 1968.(19)  

We used the data recorded in the Copenhagen School Health Records Register to 

calculate each child’s BMI as the weight (kg) divided by height (m2). Data from 1955−1960 

were used to create internal age- and sex-specific BMI reference values. BMI z-scores were 

calculated according to the Lambda-Mu-Sigma method.(20) Z-scores were interpolated or 

extrapolated in a ±12 month time window unless the measurements were taken at the exact age.  

Atrial fibrillation and atrial flutter 
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Using personal identification numbers, we linked the cohort of children to the Danish National 

Patient Registry (DNPR). We then obtained information for each child on any new-onset AFF 

diagnosis in adulthood (from age 25 years and onwards, as diagnoses of AFF at younger ages are 

relatively uncommon, and likely linked to rare diseases not related to BMI). AFF was defined 

using International Classification of Diseases Eighth Revision codes 42793 and 42794 and 

International Classification of Diseases Tenth Revision code I48.(21) We used all recorded 

inpatient and outpatient AFF diagnoses in the DNPR, collapsing atrial fibrillation and atrial 

flutter into one group. The reasons for this were lack of differentiation of these diagnoses in 

International Classification of Diseases Tenth Revision, and, furthermore, the collapse of the 

groups is justified because the two conditions share risk factors, pathophysiology, and 

treatment.(22) The DNPR has recorded information on all inpatient contacts at non-psychiatric 

hospitals since 1977 and on all outpatient clinic contacts since 1995.(21)   

 

Statistical analyses 

We followed all children who were linked successfully to the Civil Registration System starting 

on the date of their 25th birthday or when the DNPR was established on January 1, 1977, 

whichever occurred later. The index date was defined as the date of commencement of follow-

up. Follow-up continued until a first inpatient or outpatient contact date for AFF, death, 

emigration, loss to follow-up, or 31 December 2014, whichever came first.  

We computed incidence rates of AFF by sex. Sex-specific Cox proportional-hazard 

regression analyses were used to examine associations between BMI z-scores and risk of AFF, 

using age as the underlying time scale. All models were stratified by birth cohort (1930-1939, 

1940‒1949, 1950‒1959, 1960‒1969, 1970‒1979, and 1980‒1989). We tested potential non-

linearity in the associations between BMI z-score and AFF against a restricted cubic spline with 
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5 knots.(23) We found indications of non-linearity for both men and women (all p-values <0.04 

for men and all but two p-values <0.01 for women). The statistical significance in the men is 

likely due to the large number of cases; a visual inspection of the association showed that the 

deviation from linearity was limited (Web Figure 1), thus linear models are presented in the 

manuscript. For women, the non-linearity was subsequently modelled using linear splines with a 

knot at a BMI z-score of 0 as the associations showed a linear pattern below and above this 

point. As the patterns of associations were comparable at all ages, we present the results only for 

ages 7 years, 10 years, and 13 years. Other ages are shown in Web Tables 1-2. We also 

performed categorical analyses based on <10th, 10th-24.9th, 25th-75th (reference group), 75.1th-

90th, and >90th percentiles of the age- and sex-specific BMI distributions. To enhance 

interpretability of the estimates we included US Centers for Disease Control (CDC) percentile 

equivalents to our z-scores in the tables (24). To put these results into perspective, we calculated 

the incidence rate of AFF given a child’s category of BMI at age 13 years.  

Because we had long-term follow-up, we performed a sensitivity analysis, accounting for 

the competing risk of death using Fine and Grey regression models (25). We also calculated E-

values for selected estimates and the corresponding lower limit of the 95% confidence interval 

for men and women aged 13 years, in a sensitivity analysis, to assess how strong an unmeasured 

confounder would have to be to potentially be able to explain away our observed exposure–

outcome association (26, 27). Given that birth weight, reflecting intrauterine growth, may 

influence the risk of AFF,(28, 29) we performed additional analyses in the sub-cohort of 

individuals for whom birth weight was available. We adjusted our categorical BMI analyses for 

birth weight as a categorical variable (five categories) and evaluated potential interactions 

between birth weight and childhood BMI with AFF using a Wald test.  



8 

 

Potential interactions between birth cohorts, 1930‒1951 and 1952‒1989 (this cut point 

was chosen to ensure that all participants in the later cohort were followed up from age 25 years) 

and BMI z-scores or birth weight on the risk of AFF were examined in stratified models. The 

proportional hazard assumptions were assessed by stratifying the age-at-risk into categories, 

based upon quartiles of ages at diagnosis and including a time-varying covariate in the model. 

For men, the strength of the BMI z-score and AFF associations appeared to decrease with older 

age-at-risk, but the associations remained statistically significant at all ages (all p-values <0.04). 

Therefore, age-combined results are presented in the Results section and age-specific results are 

available in Web Table 3. For women, there were no significant differences in the associations 

by increasing age-at-risk (all p-values >0.12).   

Finally, we computed hazard ratios for the effects of different patterns of BMI percentile 

changes between ages 7 years and 13 years on risk of AFF using categorical analyses with 

children who had BMIs within the 25th-75th at both ages as the reference.  

The study was approved by the Danish Data Protection Agency (record number: 2012-

58-0004). All analyses were conducted using Stata statistical software version 14.2 (StataCorp 

LP, College Station, Texas; www.stata.com).      

 

RESULTS 

The total study population consisted of 372,636 children. After excluding those missing 

identification numbers, an early diagnosis of AFF before 25 years of age, or missing BMI 

information, 314,140 children (159,036 boys and 155,104 girls) were included in the analytic 

dataset (Figure 1). As expected, the incidence rate of AFF increased with advancing age and the 

rate was higher in men than in women (Web Figure 2). During 8,565,403 person-years of follow-
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up, with a median follow-up time of 27.3 (25th-75th percentile, 19.0-38.0) years, 17,594 

individuals were diagnosed with AFF.        

 

Childhood body mass index and risk of atrial fibrillation and atrial flutter 

In men, BMIs at all ages from 7 to 13 years were positively associated with an AFF diagnosis in 

adulthood (Figures 2A, 2C, and 2E). In women, patterns were similar to those observed for men, 

but below-average childhood BMI values generally were not associated with AFF in adulthood 

(Figures 2B, 2D, 2F). However, above-average BMI values in women were positively associated 

with AFF and consistently reached statistical significance.   

In categorical analyses, using BMIs in the internal 25th-75th percentiles as the reference 

group, BMIs in the internal 75.1th-90th percentiles and particularly BMIs >internal 90th percentile 

in children were associated with an increased risk of AFF at all ages over age 25 years (Table 1). 

For men with a childhood BMI >internal 90th percentile at ages 7, 10 and 13 years, risks of AFF 

were 35% to 46% higher than boys with BMIs in the reference group. Similarly, for women with 

a childhood BMI >internal 90th percentile at ages 7,10 and 13 years, risks of AFF were 26% to 

38% higher than for girls with BMIs in the reference group. In men and women older than 55 

years, the incidence rate of AFF was higher in those who had higher childhood BMIs (Figures 

3A and 3B). 

In the sensitivity analysis we accounted for the competing risk of dying, which changed 

the results very little (Web Table 2). For men aged 13 years (hazard ratio, 1.19, 95% confidence 

interval, 1.16-1.22), the E-value was 1.66 (E-value for lower limit of 95% confidence interval, 

1.59). In women aged 13 years (hazard ratio, 1.24, confidence interval 1.18-1.30), for positive z-

scores, the E-value was 1.79 (E-value for lower limit of 95% confidence interval=1.64). In the 

subset of 242,981 individuals who had available data on birth weight, 10,475 were diagnosed 
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with AFF. When the associations between BMIs and AFF were adjusted for birth weight, the 

results remained largely unchanged (Web Table 4). We observed no interactions between birth 

weight with BMI on the association with later AFF risk at any ages. There were no birth cohort 

effects for the main analysis (Web Table 5).   

 

BMI percentile change during childhood and risk of atrial fibrillation and atrial flutter 

The analyses of BMI change included 253,664 children (127,321 boys and 126,343 girls), and 

children with BMIs from the 25th-75th percentiles at ages 7 and 13 years were the reference 

group. Compared with the reference group, persistently heavier children had 15% to 60% 

increased risks of AFF in adulthood (Table 2). Children who increased their BMIs from the 

internal 25th-75th percentile at 7 years to either the internal 75.1th-90th or >internal 90th groups at 

age 13 years had 13% to 53% higher risks of AFF during adulthood than children in the 

reference group. Women with a BMI in either the internal 75.1th-90th or >internal 90th percentile 

at age 7 who then reduced their BMIs to the internal 25th-75th group by age 13 years did not have 

different risks of AFF in adulthood than women in the reference group. For men with a BMI 

within internal 75.1th-90th percentiles at age 7 years reducing their BMI to the internal 25th-75th 

percentiles at age 13 years, there also was no association with future AFF. However, men in 

>internal 90th BMI percentile group at age 7 years with decreasing BMI to the internal 25th-75th 

group at age 13 years had a 23% increased risk of AFF compared with men in the reference 

group.  There were no interactions of birth weight with change in BMI percentiles in their 

association with later AFF risk.  
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DISCUSSION  

In this population-based cohort study of 314,140 schoolchildren aged 7-13 years, above-average 

BMIs were positively associated with AFF at all adult ages above age 25 years in both sexes. 

These associations remained after adjustment for birth weight, and were consistent across birth 

cohorts. In addition, being persistently heavier than average and gaining more BMI than average 

between the ages of 7 and 13 years were associated with an increased risk of AFF in adulthood. 

Among children with BMIs >75th percentiles at age 7 years, reducing their BMI during 

childhood decreased risks of AFF, particularly for women.    

Adult obesity is a well-established risk factor for AFF.(30) In a Danish cohort study of 

12,850 men undergoing examination for army conscription (median age, 19 years), those with 

overweight (BMI 25-<30 kg/m2) and obesity (BMI ≥ 30 kg/m2) and had 2-fold and 3-fold higher 

risks of AFF later in life, respectively, than young men with BMI between 18.5-25 kg/m2).(31) 

In line with this finding, a Danish study of women at time of childbirth found a 2-fold higher risk 

of AFF among those with a BMI between 30 and 35 kg/m2 compared to those with a normal 

BMI.(32) Similarly, a Swedish study of young women (mean age, 28 years) reported a 2-3 fold 

increased risk of atrial fibrillation in those with BMI >27.5 kg/m2 relative to those with normal 

range BMI.(33) None of these studies included data on associations between obesity in 

childhood and future AFF. Thus, observations from the current study extend this literature, 

indicating an increased risk of AFF in adulthood associated with childhood overweight, 

especially for children with above-average BMIs (BMI z-score>0). In support of this finding, 

childhood obesity was recently found to be associated with ischemic stroke in adulthood,(16) 

which in turn is caused by underlying AFF in up to 20% of cases.(34) Notably, we found a 

relatively low and almost unchanged AFF incidence across the BMI categories for nearly 40 
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years of age for men and 50 years of age for women. Thus, differences in absolute AFF risks as a 

result of childhood BMI first become apparent in late adulthood.       

In our categorical analysis, we observed increased risks of future AFF among children 

with BMI values starting at the 75th percentile, and markedly elevated risks for children above 

the 90th percentile, compared with children with BMI values in the 25th-75th percentile range. 

Based on the current childhood BMI classification used by the CDC in the United States, the 90th 

percentile of BMI in our study is equivalent to its classification of “overweight”.(35) Thus our 

findings suggest that an elevated BMI in childhood, even at values below those classified as 

overweight by the CDC, should be considered an important risk factor for AFF. This finding 

reinforces the justification of developing strategies for screening and primary prevention of 

childhood overweight and obesity.   

Our analysis also revealed that BMI percentile change during childhood changed the risk 

of AFF in adulthood. In the multifactor Swedish Primary Prevention Study, weight change from 

age 20 years to midlife was calculated as the ratio between measured weight at midlife and 

recalled weight at age 20 years. A multivariable analysis indicated that weight gain of 5% to 

15% was not associated with AFF, while weight gains of 16% to 35% and >35% were associated 

with 46% and 90% increased risks of AFF, respectively.(36) This is in accord with our analysis 

demonstrating that gains in BMI percentiles during childhood was associated with increased 

risks of AFF in adulthood. The associations weakened with declines in BMI percentiles from 

ages 7 to 13 years in women, while the association persisted in men reducing their weight from 

the >90th percentile to the reference group. Therefore, our data suggest that overweight and 

obesity in childhood may be a modifiable risk factor with the potential to prevent AFF.  

Several mechanisms could underlie our results. Genes and environmental changes in 

utero may produce long lasting changes in physiology and metabolism,(11) increasing the 
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likelihood of AFF later in life. Moreover, since childhood obesity is linked to young adult 

obesity,(37) obesity in young adulthood could serve as a mediator of increased AFF risk. It must 

be noted, however, that correlations between BMI in childhood and in late adulthood when AFF 

typically occurs are weak.(37) Although our data suggest that the heaviest children were at 

particularly high risk of AFF, we found an increased risk of AFF across all above-average BMI 

levels, suggesting that tracking of BMI from childhood to adulthood cannot fully explain our 

study findings. The underlying pathways are likely multifactorial, as children with obesity have a 

high prevalence of cardio-metabolic risk factors such as high cholesterol, triglycerides, blood 

pressure, and glycated hemoglobin,(38) which also are risk factors for AFF.(22) Interestingly, in 

comparison with normal weight children, children with obesity have larger left atrial and 

ventricular dimensions, increased left ventricular mass, subclinical myocardial dysfunction (39), 

and altered left ventricular geometry,(40) which could lower the threshold for AFF occurrence. 

Because most previous studies compared obese children to non-obese children, it is unknown 

whether these associations reflect a dose-response relation.  

Strengths of our study are its access to prospectively collected data on virtually all 

school-children in the Copenhagen municipality, as well as long-term follow-up and minimal 

loss to follow-up. The diagnosis of AFF in the DNPR is valid, with positive predictive values 

between 92% and 99%.(21, 41) Relying solely on hospital-based (inpatient and outpatient) 

diagnoses may have underestimated the observed AFF incidence rate. However, such 

misclassification would likely be non-differential (i.e. AFF outcomes are presumably not related 

to childhood BMI), and thus cannot explain the observed associations. Although we had 

information on birth weight, we lacked information on potential confounders such as parental 

socioeconomic status and smoking habits. However, socioeconomic differences may change 

over time, and because our results were consistent across birth cohorts, confounding by 
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socioeconomic factors is unlikely to explain our findings. The derived E-values indicating the 

association strength needed by an unmeasured confounder - both with the exposure and the 

outcome – to potentially (as a maximum) be able to explain away, some representative findings 

(hazard ratios: 1.19-1.24), were large (E-values: 1.66-1.79) thus suggesting that our findings may 

be robust to effects of potential unmeasured and uncontrolled confounding. We assessed the 

long-term risk associated with childhood BMI, and we did not explore the underlying 

mechanisms, as many mediators such as adult weight and cardiovascular risk factors have 

complex patterns over time and could not be subtracted for this study. Because occurrence of 

cardiovascular conditions such as hypertension, type 2 diabetes, coronary artery disease, and 

heart failure are on the causal pathway from childhood BMI through AFF in adulthood,(16, 17, 

42-44) they were not accounted for in the main analysis. 

 In this population-based cohort study, we found a clear association between BMIs above 

average and increases in BMI percentiles from ages 7 to 13 years with increased risks of AFF in 

adulthood. Risks of adult AFF decreased in women who reduced their BMI during childhood. 

This pattern was also observed for men, but to a lesser degree. Our study suggests that childhood 

obesity may be an important risk factor for AFF.  

 

Acknowledgements 

Author affiliations: Department of Clinical Epidemiology, Aarhus University Hospital, Denmark 

(Kasper Adelborg, Anne Ording, Henrik Toft Sørensen, Thorkild I.A. Sørensen); Department of 

Clinical Biochemistry, Aarhus University Hospital, Denmark (Kasper Adelborg); Center for 

Clinical Research and Prevention, Bispebjerg and Frederiksberg Hospital, Denmark (Lars 

Ängquist, Line Klingen Gjærde, Lise Geisler Bjerregaard, Jennifer L. Baker); Novo Nordisk 

Foundation Centre for Basic Metabolic Research (Section of Metabolic Genetics), Faculty of 



15 

 

Health and Medical Sciences, University of Copenhagen, Denmark (Lars Ängquist, Thorkild I. 

A. Sørensen, Line Klingen Gjærde, Jennifer L. Baker); Department of Public Health (Section of 

Epidemiology), Faculty of Health and Medical Sciences, University of Copenhagen, Denmark 

(Thorkild I. A. Sørensen).  

This work was supported by (1) the Program for Clinical Research Infrastructure (PROCRIN) 

established by the Lundbeck Foundation and the Novo Nordisk Foundation, (2) the Aarhus 

University Research Foundation, and (3) the European Union’s Horizon 2020 Research and 

Innovation Programme (grant no. 633595, DynaHEALTH). No funding sources had a role in the 

design, conduct, analysis, or reporting of the study. 

We thank the school physicians and nurses from the Copenhagen Municipality School Health 

Services for their services to children. We appreciate the opportunity of collaborating with the 

Copenhagen School Health Records Register, which was established by the former Institute of 

Preventive Medicine (now the Center for Clinical Research and Prevention). It was built in 

collaboration with the Copenhagen City Archives in Denmark. We also thank Dr. Michael 

Gamborg for his help with the study.  

Conflicts of interest: none declared  



16 

 

REFERENCES  

1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight, 

overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based measurement 

studies in 128.9 million children, adolescents, and adults. Lancet. 2017; 390(10113):2627-2642.  

2. Ogden CL, Carroll MD, Kit BK, et al. Prevalence of childhood and adult obesity in the United States, 

2011-2012. JAMA. 2014;311(8):806-14.  

3. Must A, Strauss RS. Risks and consequences of childhood and adolescent obesity. Int J Obes Relat 

Metab Disord. 1999;23 Suppl 2:S2-11. 

4. Chugh SS, Havmoeller R, Narayanan K, et al. Worldwide epidemiology of atrial fibrillation: a Global 

Burden of Disease 2010 Study. Circulation. 2014;129(8):837-47.  

5. Stewart S, Hart CL, Hole DJ, et al. A population-based study of the long-term risks associated with 

atrial fibrillation: 20-year follow-up of the Renfrew/Paisley study. Am J Med. 2002;113(5):359-64.  

6. Coyne KS, Paramore C, Grandy S, et al. Assessing the direct costs of treating nonvalvular atrial 

fibrillation in the United States. Value Health. 2006;9(5):348-56.  

7. Weng LC, Preis SR, Hulme OL, et al. Genetic Predisposition, Clinical Risk Factor Burden, and 

Lifetime Risk of Atrial Fibrillation. Circulation. 2018;137(10):1027-38.  

8. Mou L, Norby FL, Chen LY, et al. Lifetime Risk of Atrial Fibrillation by Race and Socioeconomic 

Status: ARIC Study (Atherosclerosis Risk in Communities). Circ Arrhythm Electrophysiol. 

2018;11(7):e006350.  

9. Santos MS, Joles JA. Early determinants of cardiovascular disease. Best Pract Res Clin Endocrinol 

Metab. 2012;26(5):581-97.  



17 

 

10. Ayer J, Charakida M, Deanfield JE, et al. Lifetime risk: childhood obesity and cardiovascular risk. 

Eur Heart J. 2015;36(22):1371-6.  

11. Barker DJ. Fetal programming of coronary heart disease. Trends Endocrinol Metab. 2002;13(9):364-

8.  

12. Sinha R, Fisch G, Teague B, et al. Prevalence of impaired glucose tolerance among children and 

adolescents with marked obesity. N Engl J Med. 2002;346(11):802-10.  

13. Tounian P, Aggoun Y, Dubern B, et al. Presence of increased stiffness of the common carotid artery 

and endothelial dysfunction in severely obese children: a prospective study. Lancet. 

2001;358(9291):1400-4.  

14. Viner RM, Segal TY, Lichtarowicz-Krynska E, et al. Prevalence of the insulin resistance syndrome in 

obesity. Arch Dis Child. 2005;90(1):10-4.  

15. Baker JL, Olsen LW, Sorensen TI. Childhood body-mass index and the risk of coronary heart disease 

in adulthood. N Engl J Med. 2007;357(23):2329-37.  

16. Gjaerde LK, Gamborg M, Angquist L, et al. Association of Childhood Body Mass Index and Change 

in Body Mass Index With First Adult Ischemic Stroke. JAMA Neurol. 2017; 74(11):1312-1318. 

17. Zimmermann E, Bjerregaard LG, Gamborg M, et al. Childhood body mass index and development of 

type 2 diabetes throughout adult life-A large-scale danish cohort study. Obesity (Silver Spring). 

2017;25(5):965-71.  

18. Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Registration System as a tool in 

epidemiology. Eur J Epidemiol. 2014;29(8):541-9. (doi: 10.1007/s10654-014-9930-3 [doi]). 



18 

 

19. Baker JL, Olsen LW, Andersen I, et al. Cohort profile: the Copenhagen School Health Records 

Register. Int J Epidemiol. 2009;38(3):656-62.  

20. Cole TJ. The LMS method for constructing normalized growth standards. Eur J Clin Nutr. 

1990;44(1):45-60. 

21. Schmidt M, Schmidt SA, Sandegaard JL, et al. The Danish National Patient Registry: a review of 

content, data quality, and research potential. Clin Epidemiol. 2015;7:449-90.  

22. Camm AJ, Lip GY, De Caterina R, et al. 2012 focused update of the ESC Guidelines for the 

management of atrial fibrillation: an update of the 2010 ESC Guidelines for the management of atrial 

fibrillation--developed with the special contribution of the European Heart Rhythm Association. 

Europace. 2012;14(10):1385-413.  

23. Spline Regression Models. Lawrence C. Marsh & David R. Cormier. Sage Publications, 

Inc. Thousands Oaks, California. 2002.  

24. Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Growth Charts for the United States: methods 

and development. Vital Health Stat 11. 2002;(246)(246):1-190. 

25. Fine JP GR. A proportional hazards model for the subdistribution of a competing risk. J Am Stat 

Assoc. 1999;94:496-509. 

26. VanderWeele TJ, Ding P. Sensitivity Analysis in Observational Research: Introducing the E-Value. 

Ann Intern Med. 2017;167(4):268-74.  

27. Ding P, VanderWeele TJ. Sensitivity Analysis Without Assumptions. Epidemiology. 2016;27(3):368-

77.  



19 

 

28. Johnson LSB, Salonen M, Kajantie E, et al. Early Life Risk Factors for Incident Atrial Fibrillation in 

the Helsinki Birth Cohort Study. J Am Heart Assoc. 2017;6(6):10.1161/JAHA.117.006036.  

29. Conen D, Tedrow UB, Cook NR, et al. Birth weight is a significant risk factor for incident atrial 

fibrillation. Circulation. 2010;122(8):764-70.  

30. Wanahita N, Messerli FH, Bangalore S, et al. Atrial fibrillation and obesity--results of a meta-

analysis. Am Heart J. 2008;155(2):310-5.  

31. Schmidt M, Bøtker HE, Pedersen L, et al. Comparison of the frequency of atrial fibrillation in young 

obese versus young nonobese men undergoing examination for fitness for military service. Am J Cardiol. 

2014;113(5):822-6.  

32. Karasoy D, Bo Jensen T, Hansen ML, et al. Obesity is a risk factor for atrial fibrillation among fertile 

young women: a nationwide cohort study. Europace. 2013;15(6):781-6.  

33. Persson CE, Adiels M, Bjorck L, et al. Young women, body size and risk of atrial fibrillation. Eur J 

Prev Cardiol. 2018 Jan;25(2):173-80 

34. Ferro JM. Cardioembolic stroke: an update. Lancet Neurol. 2003;2(3):177-88.  

35. US Centers for Disease Control and Prevention. National Center for Health Statistics. Available at: 

https://www.cdc.gov/growthcharts/percentile_data_files.htm (accessed 12 June 2017) . 

36. Rosengren A, Hauptman PJ, Lappas G, et al. Big men and atrial fibrillation: effects of body size and 

weight gain on risk of atrial fibrillation in men. Eur Heart J. 2009;30(9):1113-20.  

37. Aarestrup J, Bjerregaard LG, Gamborg M, et al. Tracking of body mass index from 7 to 69 years of 

age. Int J Obes (Lond). 2016;40(9):1376-83.  



20 

 

38. Skinner AC, Perrin EM, Moss LA, et al. Cardiometabolic Risks and Severity of Obesity in Children 

and Young Adults. N Engl J Med. 2015;373(14):1307-17.  

39. Koopman LP, Mertens LL. Impact of childhood obesity on cardiac structure and function. Curr Treat 

Options Cardiovasc Med. 2014;16(11):345.  

40. Mangner N, Scheuermann K, Winzer E, et al. Childhood obesity: impact on cardiac geometry and 

function. JACC Cardiovasc Imaging. 2014;7(12):1198-205.  

41. Sundbøll J, Adelborg K, Munch T, et al. Positive predictive value of cardiovascular diagnoses in the 

Danish National Patient Registry: a validation study. BMJ Open. 2016;6(11):e012832,2016-012832.  

42. Alonso A, Krijthe BP, Aspelund T, et al. Simple risk model predicts incidence of atrial fibrillation in a 

racially and geographically diverse population: the CHARGE-AF consortium. J Am Heart Assoc. 

2013;2(2):e000102.  

43. Bjerregaard LG, Jensen BW, Angquist L, et al. Change in Overweight from Childhood to Early 

Adulthood and Risk of Type 2 Diabetes. N Engl J Med. 2018;378(14):1302-12.  

44. Benjamin EJ, Levy D, Vaziri SM, et al. Independent risk factors for atrial fibrillation in a population-

based cohort. The Framingham Heart Study. JAMA. 1994;271(11):840-4. 

  

 

 

 

 

 

 

 

 

 

 

 



21 

 

 

 

 

 

 



22 

 

 
Table 1. Body Mass Index Category and Risk of Atrial Fibrillation and Atrial Flutter in Adulthood, by Age and Sex, in Children Born from 

1930−1989, Denmark. All Analyses Are Stratified by Birth Cohort.  

 

aApproximate values, corresponding to BMI percentiles of <10th, 10th-24.9th, 25th-75th, 75.1th-90th, and >90th of the internal age- and sex-specific BMI distributions. BMI was 

calculated as the weight (kg) / height (m2) 

Abbreviations: BMI, body mass index; CDC: Center for Disease Control and Prevention; CI, confidence interval; HR, hazard ratio.  

 

 

 

 

 

 

 

 

 Men Women 

BMI percentilea BMI value 

(kg/m2)a 

CDC percentile No. events HR  95% CI BMI value 

(kg/m2)a 

CDC 

percentile 

No. 

events 

HR  95% CI 

7 years           

<10th <14.0 <9.3th 762 0.85  0.79,0.92 <13.8 <10.3th 495 0.93  0.84,1.02 

10th-24.9th 14.0-14.5 9.3th -23.5th 1,414 0.90  0.85,0.96 13.8-14.4 10.3th-25.5th 914 0.91  0.85,0.98 

25th-75th 14.6-16.3 23.6th -69.3th 5,774 1.00 Referent 14.5-16.3 25.6th -68.4th 3,415 1.00 Referent 

75.1th-90th 16.4-17.2 69.4th-82.9th 1,483 1.10  1.04,1.16 16.4-17.3 68.5th -82.2th 802 1.11  1.02,1.19 

>90th >17.2 >82.9th 781 1.35  1.25,1.45 >17.3 >82.2th 475 1.26  1.14,1.38 

10 years           

<10th <14.7 <11.1th 654 0.83  0.77,0.90 <14.4 <8.5th 363 0.87  0.78,0.96 

10th-24.9th 14.7-15.4 11.1th-25.9th 1,417 0.89  0.84,0.94 14.4-15.2 8.5th-21.5th 879 0.91  0.85,0.98 

25th-75th 15.5-17.7 26.0th -68.3th 6,109 1.00 Referent 15.3-17.8 21.6th-64.7th 3,625 1.00 Referent 

75.1th-90th 17.8-19.1 68.4th -83.1th 1,379 1.15  1.09,1.22 17.9-19.4 64.8th -81.3th 879 1.12  1.04,1.20 

>90th >19.1 >83.1th 781 1.42  1.32,1.53 >19.4 >81.3th 518 1.32  1.20,1.45 

13 years           

<10th <15.6 <6.2th 563 0.79  0.73,0.86 <15.7 <8.2th 358 0.90  0.81,1.01 

10th-24.9th 15.6-16.4 6.2th -14.4th 1,356 0.91  0.85,0.96 15.7-16.6 8.2th -19.7th 769 0.92  0.85,0.99 

25th-75th 16.5-19.4 14.5th -63.9th 5,751 1.00 Referent 16.7-19.9 19.8th-65.0th 3,425 1.00 Referent 

75.1th-90th 19.5-21.1 64.0th-80.5th 1,516 1.18  1.11,1.25 20.0-21.9 65.1th-81.5th 1,057 1.19  1.11,1.27 

>90th >21.1 >80.5th 876 1.46  1.36,1.56 >21.9 >81.5th 598 1.38  1.27,1.51 
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Table 2. Hazard Ratios (95% Confidence Intervals) for the Association between Different Patterns of Change in Body Mass Index between Ages 7 and 13 Years and 

Adulthood Atrial Fibrillation and Atrial Flutter, in Children Born from 1930−1989, Denmark. All Analyses Are Stratified by Birth Cohort.  

aApproximate values. 

Abbreviations: BMI, body mass index (kg/m2); CDC: Center for Disease Control and Prevention 
b(.-.) Insufficient data for conducting analyses

  BMI percentile at age 13a 

  <25th 25th-75th 75.1th-90th >90th 

BMI 

percentile 

at age 7a 

 BMI value (CDC percentiles) at age 13a 

Men BMI value 

(CDC 

percentile) at 

age 7a 

<16.5 (<17.8th) 16.5-19.4  

(17.8th-63.3 th) 

19.5-21.1  

(63.4th-80.8th) 

>21.1 (>80.8th) 

  No. No. 

events 

HR 95% CI No. No. 

events 

HR 95% CI No. No. 

events 

HR 95% CI No. No. 

events 

HR 95% CI 

<25th  <14.6 

(<24.7th) 

17,248 1143 0.85 0.80,0.91 10,404 796 0.95 0.88,1.03 618 50 1.23 0.93,1.62 140 10 1.49 0.80,2.78 

25th-75th  14.6-16.3 

(24.7th-69.0th) 

8,835 616 0.89 0.81,0.97 45,346 3,784 1.00 Referent 7,627 692 1.22 1.13,1.33 2,362 218 1.53 1.34,1.76 

75.1th-90th 16.4-17.2 

(70.0th-83.1th) 

122 8 1.02 0.51,2.04 7,769 654 1.04 0.96,1.13 5,526 481 1.18 1.07,1.29 2,876 225 1.30 1.14,1.49 

>90th >17.2 

(>83.1th) 

18 2 (.-.)b 

 

(.-.) 

 

1,340 113 1.23 1.02,1.48 2,753 216 1.15 1.00,1.32 4,949 380 1.57 1.41,1.74 

Women  BMI value (CDC percentiles) at age 13a 

 
 

<16.7 (<20.5th) 16.7-19.9  

(20.5th-65.3th) 

>20.0-21.9  

(65.4th-81.4th) 

>21.9 (>81.4th) 

  No. No. 

events 

HR 95% CI No. No. 

events 

HR 95% CI No. No. 

events 

HR 95% CI No. No. 

events 

HR 95% CI 

<25th  <14.5 

(<24.4th)  

16,980 692 0.91 0.83,0.99 12,392 606 0.98 0.90,1.08 684 37 1.20 0.86,1.66 120 5 1.27 0.53-3.06 

25th-75th  14.5-16.3 

(24.4th-68.3th)  

8,620 349 0.92 0.82,1.03 44,460 2,195 1.00 Referent 9,358 496 1.13 1.03,1.25 2,658 144 1.44 1.21-1.70 

75.1th-90th 16.4-17.3 

(68.4th-82.5th)  

145 4 (.-.) 

 

(.-.) 

 

6,613 308 1.06 0.94,1.19 5,427 304 1.24 1.10,1.40 3,222 147 1.19 1.01-1.41 

>90th >17.3 

(>82.5th) 

 

20 0 (.-.) 

 

(.-.) 

 

1,405 52 0.93 0.70-1.22 2,772 135 1.26 1.06-1.50 5,730 262 1.46 1.28-1.66 
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Figure 1. Flow Chart of Children born from 1930−1989, Denmark.   
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Figure 2. The Association between Body Mass Index Z-Score, CDC percentiles, and Atrial 

Fibrillation and Atrial Flutter at ages 7, 10, and 13 Years of Age, in Children Born from 

1930−1989, Denmark..  

 

A) Men, age 7 years 

B) Women, age 7 years 

C) Men, age 10 years  

D) Women, age 10 years 

E) Men, age 13 years 

F) Women, age 13 years 
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For men the associations were illustrated using linear models, while the associations in women were 

modelled using linear splines with a knot at a body mass index z-score of 0.     

Abbreviations: BMI, body mass index (kg/m2); CDC: Center for Disease Control and Prevention; 

CI, confidence interval 

 

 

 

 

 

 

 

 

  



27 

 

Figure 3. The Incidence Rate of Atrial Fibrillation and Atrial Flutter, According to 

Categories of Childhood Body Mass Index (at age 13 years), in Children Born from 

1930−1989, Denmark.  

 

A) Men  

B) Women 

 

 
 
Abbreviations: BMI, body mass index (kg/m2) 
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Web Table 1. Body mass index category and risk of future atrial fibrillation and atrial flutter, by age and sex for children ages 

8, 9, 11, and 12 years. 
  Men Women 

Age, years BMI 

percentilea 

BMI value 

(kg/m2)a 

CDC 

percentile 

No. 

events 

HR (95% CI) BMI value 

(kg/m2)a 

CDC 

percentile 

No. 

events 

HR (95% CI) 

8  <10th <14.2 <11.0th 626 0.81 (0.74-0.87) <14.0 <11.0th 437 0.97 (0.87-1.07) 

 10th-24.9th 14.2-14.8 11.0th -26.9th 1,376 0.89 (0.84-0.95) 14.0-14.6 11.0th-24.6th 887 0.89 (0.82-0.96) 

 25th-75th 14.9-16.7 27.0th-69.6th 6,140 Reference 14.7-16.7 24.7th -66.8th 3,590 Reference 

 75.1th-90th 16.8-17.8 69.7th-83.7th 1,511 1.12 (1.06-1.18) 16.8-17.9 66.9th-81.8th 838 1.10 (1.02-1.19) 

 >90th >17.8 >83.7th 762 1.37 (1.27-1.48) >17.9 >81.8th 505 1.31 (1.19-1.44) 

9  <10th <14.5 <12.7th 648 0.83 (0.76-0.90) <14.2 <10.2th 417 0.94 (0.85-1.04) 

 10th-24.9th 14.5-15.1 12.7th-27.2th 1,353 0.85 (0.81-0.91) 14.2-14.9 10.2th-23.7th 882 0.92 (0.85-0.99) 

 25th-75th 15.2-17.2 27.3th -69.7th 6,145 Reference 15.0-17.3 23.8th-67.0th 3,613 Reference 

 75.1th-90th 17.3-18.4 69.8th-83.3th 1,438 1.13 (1.06-1.19) 17.4-18.7 67.1th-82.2th 853 1.10 (1.03-1.19) 

 >90th >18.4 >83.3th 778 1.41 (1.31-1.52) >18.7 >82.2th 509 1.28 (1.16-1.40) 

11  <10th <15.0 <9.8th 626 0.81 (0.75-0.88) <14.7 <7.7th 381 0.93 (0.84-1.04) 

 10th-24.9th 15.0-15.7 9.8th-22.9th 1,406 0.85 (0.80-0.90) 14.7-15.5 7.7th-18.9th 882 0.94 (0.87-1.01) 

 25th-75th 15.8-18.2 23.0th-66.4th 6,097 Reference  15.6-18.4 19.0th -63.7th 3,596 Reference 

 75.1th-90th 18.3-19.8 66.5th-82.5th 1,383 1.18 (1.12-1.25) 18.5-20.1 63.8th -80.4th 888 1.13 (1.05-1.21) 

 >90th >19.8 >82.5th 790 1.41 (1.31-1.52) >20.1 >80.4th 526 1.35 (1.23-1.48) 

12  <10th <15.3 <6.1th 591 0.81 (0.74-0.88) <15.1 <7.2th 357 0.87 (0.78-0.97) 

 10th-24.9th 15.3-16.0 6.1th -19.2th 1,453 0.92 (0.87-0.97) 15.1-16.0 7.2th-18.8th 843 0.92 (0.85-0.99) 

 25th-75th 16.1-18.8 19.3th-65.4th 5,902 Reference  16.1-19.1 18.9th-63.7th 3,573 Reference 

 75.1th-90th 18.9-20.5 65.5th-81.9th 1,418 1.21 (1.14-1.28) 19.2-21.0 63.8th-80.9th 943 1.13 (1.05-1.21) 

 >90th >20.5 >81.9th 859 1.51 (1.41-1.62) >21.0 >80.9th 544 1.35 (1.23-1.48) 
All analyses are stratified by birth cohort. 
aApproximate values 
Abbreviations: BMI, body mass index (kg/m2); CI, confidence interval; HR, hazard ratio 
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Web Table 2. The association between body mass index z-score and atrial fibrillation and 

atrial flutter at all ages. For men the associations were illustrated using linear models, while the 

associations in women were modelled using linear splines with a knot at a body mass index z-

score of 0.     
    

 Age, 

years 

BMI z-score Standard Cox 

regression with 

birth cohort 

stratification  

 

Standard Cox 

regression without 

birth cohort 

stratification  

 

Subdistribution 

hazards modela  

   HR (95% CI) HR (95% CI) 
Subdistribution 

HR (95% CI) 

Men 7  1.13 (1.10-1.15) 1.13 (1.11-1.16) 1.12 (1.09-1.14) 

 8  1.15 (1.13-1.18) 1.16 (1.13-1.18) 1.13 (1.11-1.16) 

 9  1.16 (1.13-1.19) 1.17 (1.14-1.20) 1.14 (1.12-1.17) 

 10  1.16 (1.14-1.19) 1.17 (1.15-1.20) 1.15 (1.12-1.17) 

 11  1.18 (1.16-1.21) 1.19 (1.16-1.22) 1.16 (1.13-1.19) 

 12  1.19 (1.16-1.22) 1.20 (1.17-1.23) 1.17 (1.14-1.20) 

 13  1.19 (1.16-1.22) 1.20 (1.17-1.23) 1.17 (1.14-1.19) 

Women 7 -2 0.92 (0.83–1.02) 0.93 (0.84–1.03) 0.93 (0.84–1.03) 

  -1 0.96 (0.91–1.01) 0.96 (0.92–1.02) 0.96 (0.92–1.02) 

  0 1 1 1 

  1 1.13 (1.08–1.19) 1.15 (1.09–1.21) 1.11 (1.05–1.17) 

  2 1.29 (1.16–1.43) 1.33 (1.20–1.47) 1.23 (1.11–1.36) 

 8 -2 0.91 (0.81–1.01) 0.93 (0.83–1.04) 0.92 (0.83–1.03) 

  -1 0.95 (0.90–1.01) 0.96 (0.91–1.02) 0.96 (0.91–1.01) 

  0 1 1 1 

  1 1.15 (1.09–1.21) 1.17 (1.12–1.24) 1.12 (1.06–1.18) 

  2 1.33 (1.20–1.47) 1.38 (1.24–1.53) 1.25 (1.13–1.39) 

 9 -2 0.90 (0.80–1.01) 0.93 (0.83–1.04) 0.92 (0.82–1.03) 

  -1 0.95 (0.90–1.00) 0.96 (0.91–1.02) 0.96 (0.90–1.01) 

  0 1 1 1 

  1 1.15 (0.10–1.22) 1.18 (0.12–1.24) 1.12 (1.06–1.18) 

  2 1.33 (1.20–1.48) 1.39 (1.25–1.54) 1.25 (1.13–1.39) 

 10 -2 0.86 (0.77–0.97) 0.90 (0.80–1.01) 0.87 (0.78–0.98) 

  -1 0.93 (0.88–0.98) 0.95 (0.89–1.00) 0.93 (0.88–0.99) 

  0 1 1 1 

  1 1.17 (1.11–1.24) 1.20 (1.14–1.27) 1.13 (1.07–1.19) 

  2 1.38 (1.24–1.53) 1.44 (1.30–1.60) 1.28 (1.15–1.43) 

 11 -2 0.90 (0.81–1.01) 0.94 (0.84–1.06) 0.91 (0.81–1.02) 

  -1 0.95 (0.90–1.01) 0.97 (0.92–1.03) 0.95 (0.90–1.01) 

  0 1 1 1 

  1 1.21 (1.15–1.27) 1.23 (1.17–1.30) 1.16 (1.10–1.22) 

  2 1.46 (1.31–1.62) 1.52 (1.37–1.69) 1.34 (1.20–1.49) 

 12 -2 0.91 (0.81–1.02) 0.95 (0.85–1.07) 0.91 (0.81–1.03) 

  -1 0.96 (0.90–1.01) 0.97 (0.92–1.03) 0.96 (0.90–1.01) 

  0 1 1 1 

  1 1.22 (0.16–1.28) 1.24 (1.18–1.31) 1.16 (1.10–1.22) 

  2 1.48 (1.34–1.65) 1.55 (1.39–1.72) 1.35 (1.22–1.50) 

 13 -2 0.93 (0.83–1.04) 0.96 (0.86–1.08) 0.92 (0.82–1.04) 

  -1 0.96 (0.91–1.02) 0.98 (0.92–1.04) 0.96 (0.91–1.02) 

  0 1 1 1 

  1 1.24 (1.18–1.30) 1.26 (1.20–1.32) 1.18 (1.12–1.24) 

  2 1.54 (1.39–1.70) 1.58 (1.43–1.75) 1.39 (1.26–1.54) 
Abbreviations: BMI, body mass index (kg/m2); CI, confidence interval; HR, hazard ratio. 
aNot stratified by birth year, since this option is not available in the subdistribution model.  
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Web Table 3. Test of proportional hazards assumptions by investigation within 

quartiles of age at risk (divided based upon age at diagnosis) and assuming a 

linear model. 
Age,  

years  

Age-at-risk, 

years 

Men 

HR (95% CI) 

Women 

HR (95% CI) 

7 25-59 1.12 (1.13-1.23) 1.11 (1.04-1.18) 

 59-67 1.12 (1.08-1.17) 1.14 (1.08-1.20) 

 67-73 1.09 (1.04-1.14) 1.04 (0.99-1.10) 

 >73 1.10 (1.05-1.16) 1.07 (1.01-1.13) 

8 25-59 1.21 (1.16-1.26) 1.13 (1.06-1.20) 

 59-67 1.15 (1.10-1.20) 1.13 (1.08-1.20) 

 67-73 1.10 (1.05-1.15) 1.07 (1.01-1.13) 

 >73 1.13 (1.06-1.19) 1.08 (1.02-1.14) 

9 25-59 1.23 (1.18-1.28) 1.14 (1.07-1.21) 

 59-67 1.17 (1.12-1.21) 1.12 (1.06-1.18) 

 67-73 1.09 (1.04-1.15) 1.09 (1.03-1.16) 

 >73 1.11 (1.05-1.18) 1.08 (1.02-1.14) 

10 25-59 1.23 (1.18-1.28) 1.15 (1.08-1.23) 

 59-67 1.16 (1.11-1.21) 1.14 (1.08-1.21) 

 67-73 1.10 (1.05-1.16) 1.12 (1.06-1.19) 

 >73 1.13 (1.07-1.20) 1.09 (1.03-1.16) 

11 25-59 1.26 (1.21-1.31) 1.16 (1.09-1.24) 

 59-67 1.18 (1.13-1.23) 1.15 (1.09-1.22) 

 67-73 1.11 (1.06-1.17) 1.12 (1.06-1.18) 

 >73 1.13 (1.07-1.20) 1.10 (1.03-1.17) 

12 25-59 1.27 (1.22-1.32) 1.15 (1.08-1.23) 

 59-67 1.18 (1.13-1.23) 1.17 (1.11-1.23) 

 67-73 1.13 (1.08-1.19) 1.13 (1.07-1.20) 

 >73 1.14 (1.07-1.21) 1.09 (1.03-1.16) 

13 25-59 1.26 (1.21-1.32) 1.13 (1.06-1.21) 

 59-67 1.19 (1.14-1.23) 1.20 (1.14-1.27) 

 67-73 1.14 (1.08-1.19) 1.13 (1.07-1.19) 

 >73 1.14 (1.08-1.21) 1.11 (1.05-1.18) 
Abbreviations: CI, confidence interval; HR, hazard ratio 

All analyses are stratified by birth cohort. 
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Web Table 4. Hazard ratios for the risk of atrial fibrillation and atrial flutter according to categories of body mass 

index in childhood with and without adjustment for birth weight.  
  Men Women 

 BMI percentile Unadjusted HR 

 (95% CI) 

BW adjusted HR 

(95% CI) 

Unadjusted HR  

(95% CI) 

BW adjusted HR 

(95% CI) 

7 years <10th 0.84 (0.76-0.92) 0.85 (0.76-0.93) 0.89 (0.78-1.01) 0.89 (0.78-1.01) 

 10th-24.9th 0.89 (0.82-0.96) 0.89 (0.83-0.96) 0.90 (0.82-1.00) 0.90 (0.82-1.00) 

 25th-75th Reference Reference Reference Reference 

 75.1th-90th 1.08 (1.00-1.16) 1.07 (1.00-1.15) 1.09 (0.99-1.21) 1.09 (0.98-1.20) 

 >90th 1.39 (1.27-1.52) 1.38 (1.26-1.51) 1.34 (1.19-1.51) 1.32 (1.17-1.49) 

      

10 years <10th 0.81 (0.73-0.90) 0.82 (0.74-0.91) 0.85 (0.74-0.99) 0.85 (0.74-0.99) 

 10th-24.9th 0.87 (0.81-0.94) 0.88 (0.82-0.95) 0.94 (0.84-1.04) 0.93 (0.84-1.03) 

 25th-75th Reference Reference Reference Reference 

 75.1th-90th 1.13 (1.05-1.21) 1.12 (1.05-1.21) 1.14 (1.04-1.26) 1.15 (1.05-1.27) 

 >90th 1.45 (1.33-1.58) 1.44 (1.32-1.57) 1.35 (1.21-1.52) 1.36 (1.22-1.53) 

      

13 years <10th 0.83 (0.74-0.92) 0.83 (0.75-0.93) 0.86 (0.74-0.99) 0.86 (0.74-0.99) 

 10th-24.9th 0.92 (0.85-0.99) 0.93 (0.86-1.00) 0.92 (0.83-1.02) 0.92 (0.83-1.03) 

 25th-75th Reference Reference Reference Reference 

 75.1th-90th 1.21 (1.13-1.29) 1.20 (1.12-1.29) 1.19 (1.08-1.30) 1.18 (1.08-1.30) 

 >90th 1.50 (1.38-1.63) 1.49 (1.38-1.62) 1.39 (1.25-1.56) 1.39 (1.24-1.55) 
Abbreviations: BMI, body mass index (kg/m2); BW, birth weight; CI, confidence interval; HR, hazard ratio 

All analyses are stratified by birth cohort. 
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Web Table 5. The association between body mass index z-score and 

atrial fibrillation and atrial flutter at all ages for men and women, by 

birth cohort. 
Men – linear models 

  HR (95% CI)  
Age, years 1930-1951 1952+  
7 1.12 (1.10-1.15) 1.17 (1.11-1.24) 

 8 1.14 (1.12-1.17) 1.19 (1.12-1.26) 

 9 1.15 (1.12-1.18) 1.21 (1.15-1.29) 

 10 1.15 (1.13-1.18) 1.22 (1.15-1.30) 

 11 1.17 (1.14-1.20) 1.24 (1.17-1.31) 

 12 1.18 (1.15-1.21) 1.24 (1.17-1.31) 

 13 1.19 (1.16-1.22) 1.22 (1.15-1.29) 

Women – BMI z-score <0a 

  HR (95% CI)  
Age, years 1930-1951 1952+  
7 1.04 (0.99-1.10) 1.05 (0.89-1.23) 

 8 1.05 (0.99-1.12) 1.03 (0.88-1.21) 

 9 1.06 (0.99-1.12) 1.05 (0.89-1.24) 

 10 1.07 (1.01-1.14) 1.14 (0.96-1.35) 

 11 1.05 (0.99-1.12) 1.08 (0.91-1.28) 

 12 1.04 (0.98-1.11) 1.10 (0.93-1.30) 

 13 1.04 (0.98-1.11) 1.04 (0.88-1.23) 

Women – BMI z-score >0a 

  HR (95% CI)  
Age, years 1930-1951 1952+  
7 1.13 (1.07-1.20) 1.13 (0.98-1.31) 

 8 1.15 (1.08-1.21) 1.19 (1.03-1.37) 

 9 1.15 (1.09-1.22) 1.18 (1.01-1.36) 

 10 1.18 (1.12-1.25) 1.12 (0.96-1.30) 

 11 1.21 (1.14-1.28) 1.18 (1.02-1.38) 

 12 1.23 (1.16-1.30) 1.15 (0.99-1.34) 

 13 1.25 (1.19-1.32) 1.15 (0.99-1.34) 
  Abbreviations: CI, confidence interval; HR, hazard ratio 

 a Corresponding to slopes as shown in figure 2 
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Web Figure 1. Illustration of restricted cubic spline models for the associations (hazard ratios with 

95% confidence intervals) between body mass index and future atrial fibrillation and atrial flutter in 

childhood at ages 7, 10, and 13 years for men and women separately. 
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Web Figure 2. Incidence rate of atrial fibrillation and atrial flutter by sex.  

 

 

 

 

 


