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Abstract
Background—Few if any studies have assessed the relationship between birth weight and
incident atrial fibrillation (AF).

Methods and Results—We prospectively followed from 1993 to 2009 27982 women who
were >45 years and free of cardiovascular disease and AF at baseline. Information on birth weight
was categorized into 5 different categories: <2.5, 2.5–3.2, 3.2–3.9, 3.9–4.5 and >4.5 kg. The
primary outcome was time to incident AF. During 14.5 years of follow-up, 735 AF events
occurred. Age-adjusted incidence rates for incident AF from the lowest to the highest birth weight
category were 1.45, 1.82, 1.88, 2.57 and 2.55 events per 1000 person-years of follow-up. After
multivariable adjustment, hazard ratios (HR) for incident AF (95% confidence intervals (CI))
across increasing birth weight categories were 1.0, 1.30 (0.96–1.75), 1.28 (0.96–1.69), 1.70 (1.23–
2.37) and 1.71 (1.12–2.61) (p for linear trend 0.002). Adding body mass index, blood pressure and
diabetes at study entry did not have a large effect on these estimates (p for linear trend 0.004). By
contrast, including height in the multivariable model substantially attenuated the relationship
between birth weight and AF (p for linear trend 0.17), and additional adjustment for maximum
weight in young adulthood further attenuated this association (multivariable adjusted HR (95%
CI) across birth weight categories 1.0, 1.27 (0.94–1.71), 1.10 (0.83–1.46), 1.41 (1.01–1.96) and
1.29 (0.84–1.98) (p for linear trend 0.23)).

Conclusions—Birth weight is significantly associated with incident AF among women,
suggesting that early life determinants may play an important role in the pathogenesis of AF.
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Introduction
In 1989, Barker et al described an inverse association between birth weight and the risk of
dying from ischemic heart disease during adulthood1. Since this early report, multiple
studies have confirmed an increased risk of cardiovascular disease among individuals with a
low birth weight2, 3. In addition, birth weight has also been related to the incidence of
several cardiovascular risk factors such as obesity, hypertension and type 2 diabetes4–8.
Thus, accumulating evidence suggests that early life determinants may be important in the
pathogenesis of adult disease.

However, despite this large body of evidence for the association between birth weight and
cardiovascular disease, few if any studies have addressed a potential relationship between
birth weight and atrial fibrillation (AF), the most common sustained cardiac arrhythmia in
the general population9, 10, and a major risk factor for total mortality, congestive heart
failure and stroke11–15. Unfortunately, treatment strategies aimed at the elimination of
established AF have limited long-term success rates and significant risks16, 17, making
further investigations into the pathophysiology of AF an important priority, in order to
define more efficient prevention targets or novel mechanisms for drug development.

Elevated blood pressure and obesity are among the most important risk factors for the
occurrence of AF18, 19, and both have been associated with birth weight5–8. We therefore
hypothesized that birth weight would be a risk factor for incident AF during adulthood and
prospectively assessed this relationship in a large cohort of initially healthy women.

Methods
Study participants

All study subjects were participants of the Women’s Health Study, a completed randomized
trial evaluating the effects of low dose aspirin and vitamin E in the primary prevention of
cardiovascular disease and cancer. Details of the study design have been described
previously20, 21. Briefly, beginning in 1993, 39876 female health professionals in the
United States who were 45 years or older and free of cardiovascular disease, cancer or other
major illnesses were randomized to receive 100 mg aspirin every other day, 600 IU vitamin
E every other day, both agents or placebo. Randomized treatment ended on March 31, 2004,
and women were invited to participate in continued observational follow-up, which for the
current study was truncated on March 02, 2009. Of the original cohort, 4324 opted out of the
observational follow-up. These women were excluded from this analysis because their AF
could not be reliably confirmed. However, very similar results were obtained when we
repeated our analyses using self-reported AF events among all women as the main outcome
variable (data not shown).

For the current analysis, we further excluded 785 women with a history of AF at study entry,
6146 women with missing birth weight information, 632 women because they were part of a
multiple birth and seven women because of cardiovascular events that occurred prior to
randomization. The final study population consisted of 27982 women and the median
(interquartile range) follow-up was 14.5 (13.9–14.8) years. Written informed consent was
obtained from all participants. The study was approved by the institutional review board of
Brigham and Women’s Hospital, Boston.

Birth weight ascertainment
Information on baseline variables was collected using mailed questionnaires. Follow-up
questionnaires asking participants about study outcomes and other information were sent
every six months during the first year and every 12 months thereafter.
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Information on birth weight was obtained at study entry using the following categories: <5.5
lb (<2.5 kg), 5.6 to 6.9 lb (2.5 to 3.2 kg), 7.0 to 8.5 lb (3.2 to 3.9 kg), 8.6 to 9.9 lb (3.9 to 4.5
kg), or ≥10 lb (>4.5 kg). At the same time, women were also asked whether they were part
of a multiple birth. The validity of self-reported birth weight has been assessed in the
Nurses’ Health Study, where 70% of participants reported the same birth weight category as
that listed on their birth certificate22. The Spearman correlation coefficient between
categories of self-reported and certificate derived birth weight was 0.74. Very similar
validation results have been found in the Health Professionals Follow-up Study8.

Other covariates of interest that were assessed at study entry included age, body mass index
(weight in kilograms divided by the square of height in meters), body surface area [SQRT
((weight×height)/3600)]23, history of hypertension, history of hypercholesterolemia (self-
reported cholesterol of at least 240 mg/dl (6.22 mmol/l)), smoking, diabetes, exercise,
alcohol consumption, highest education level achieved and race/ethnicity. To better assess
cumulative lifetime exposure to increased body size, we included in the analyses maximum
body weight between 18 and 30 years in addition to the body size variables assessed at study
entry.

Ascertainment of incident AF
Details about the confirmation of AF in the Women’s Health Study have been reported
previously18, 24. In brief, women enrolled in the continued observational follow-up who
reported an incident AF event on at least one yearly questionnaire were sent an additional
questionnaire to confirm the episode and collect additional information. They were also
asked for permission to review their medical records. For all deceased participants who
reported AF during the trial and extended follow-up period, we contacted family members to
obtain consent and additional relevant information. An endpoint committee of physicians
reviewed medical records for reported events according to predefined criteria. An incident
AF event was confirmed if there was electrocardiographic evidence of AF or if a medical
report clearly indicated a personal history of AF. Of the 869 potential events reviewed for
the current study, 735 (84.6%) could be confirmed and occurred after study entry.

Statistical analysis
Baseline characteristics across birth weight categories were compared using Kruskal-Wallis
tests for continuous variables and chi square tests for categorical variables. Cox
proportional-hazards models were used to calculate relative risks and compare hazard ratios
and 95% confidence intervals for incident AF across birth weight categories. For each
woman, person-years of follow-up were calculated from the date of return of the run-in
questionnaire to date of first endpoint, death, loss to follow-up or to March 02, 2009,
whichever came first. All analyses used the lowest birth weight category (<2.5 kg) as the
reference group.

Age-adjusted models were further adjusted for hypercholesterolemia, smoking, exercise,
alcohol consumption, education, race/ethnicity and hormone replacement therapy.
Subsequently, a series of Cox models was constructed, in order to gain further insights in the
relationship between birth weight and incident AF and identify variables that may
potentially mediate such an association. In a first step we added body mass index, systolic
and diastolic blood pressure and history of diabetes to the multivariable model described
above. Because of recent findings of a strong association between height and incident AF
among men25, we included height at study entry in the next model. We then added
maximum body weight between 18 and 30 years to the final model. We also assessed the
individual effect of various body size variables on the risk of incident AF, including body
weight in young adulthood, adult height and adult body surface area.
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Because newborns with a birth weight ≥4.5 kg are usually considered macrosomic26, we
repeated our main analyses among women with birth weights <4.5kg. We also assessed the
relationship between premature birth and incident AF among the 27265 women with
information on this variable. To minimize the possibility that the effect of birth weight on
the risk of incident AF could be due to intercurrent cardiovascular events, we refitted our
Cox models after censoring women with an intercurrent cardiovascular event (confirmed
myocardial infarction, stroke or coronary revascularization) at the date of the event.

To assess linear trends across categories, each birth weight category was assigned a
representative value in an ordinal variable (2.1 kg, 2.8 kg, 3.5 kg, 4.2 kg and 4.7 kg). The
proportional hazards assumption was examined by including birth weight by logarithm of
time interaction terms into the model27. The assumption was found to be met for all models.
All analyzes were carried out using SAS version 9 (SAS Institute Inc, Cary, NC). A two-
tailed p value <0.05 was considered to indicate statistical significance.

Results
Baseline characteristics according to birth weight categories are shown in Table 1. The
majority of women indicated a birth weight between 3.2 and 3.9 kg (n=14214, 50.8%),
followed by the birth weight categories 2.5–3.2 kg (n=7228, 25.8%), <2.5 kg (n=2962,
10.6%), 3.9–4.5 kg (n=2785, 10.0%) and >4.5 kg (n=793, 2.8%). Age and body size
variables gradually increased across increasing birth weight categories. For hypertension,
diabetes, hypercholesterolemia and smoking, we found U-shaped relationships across birth
weight categories. Compared with the highest category, women in the lowest birth weight
category had a higher prevalence of diabetes, a lower prevalence of hypertension and a
lower prevalence of regular alcohol consumption (Table 1).

During a median follow-up of 14.5 (13.9–14.8) years, a confirmed first episode of AF
occurred in 735 women. Age-adjusted incidence rates for AF across increasing birth weight
categories were 1.45, 1.82, 1.88, 2.57 and 2.55 events per 1000 person-years of follow-up
(Table 2). A strong risk gradient across birth weight categories persisted after multivariable
adjustment for potential confounders, but excluding biologic processes such as obesity,
hypertension and diabetes potentially within the causal pathway (Table 2, multivariable
model 1). In this model, women in the second, third, fourth and fifth birth weight category
had a hazard ratio (95% confidence interval) for incident AF of 1.30 (0.96–1.75), 1.28
(0.96–1.69), 1.70 (1.23–2.37) and 1.71 (1.12–2.61) compared with women in the lowest
birth weight category (p for linear trend 0.002).

Adding body mass index, blood pressure and history of diabetes to this model did not
substantially attenuate the relationship (Table 2, multivariable model 2). However, when
height at study entry was additionally added to this model containing body mass index
(multivariable model 3), the association between birth weight and incident AF was markedly
attenuated and became non-significant: 1.0, 1.28 (0.94–1.73), 1.13 (0.85–1.50), 1.43 (1.02–
1.99) and 1.34 (0.87–2.05); p for linear trend 0.17. Adding a measure of body size in young
adulthood (body weight between ages 18 and 30) to the multivariable model including adult
height and body mass index further attenuated the relationship between birth weight and AF
(multivariable model 4). The relationship between birth weight and AF was similarly
attenuated when adult body surface area at study entry was used as an alternative to adult
height as a measure of body size (p for linear trend over birth weight categories = 0.11).

Each of these potentially mediating body size variables were strongly associated with
incident AF after adjustment for age, birth weight, adult body mass index,
hypercholesterolemia, smoking, exercise, alcohol consumption, education, race/ethnicity,

Conen et al. Page 4

Circulation. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



hormone replacement therapy, systolic and diastolic blood pressure and diabetes. The
multivariable-adjusted hazard ratios for adult height, adult body surface area and maximum
body weight at age 18–30 years were 1.05 per 1 cm (95% CI, 1.04–1.06), 1.71 per 1
standard deviation (95% CI, 1.50–1.96) and 1.02 per 1 kg (95% CI, 1.02–1.03), respectively.

In sensitivity analyses excluding women with a macrosomic birth weight of >4.5 kg, a
significant risk gradient persisted between birth weight and AF (p for linear trend 0.011)
after controlling for confounding variables according to multivariable model 2 (see legend
Table 2). Birth weight also remained a significant predictor of incident AF when we
additionally adjusted for preterm birth (p for linear trend across birth weight categories
0.017). Preterm birth compared with full term birth was not significantly related to incident
AF (multivariable hazard ratio (95% confidence interval) 0.71 (0.45–1.11)).

Censoring women with an intercurrent cardiovascular event at the time of the event provided
similar relationships between birth weight and incident AF, as shown in Table 3. In these
models, similar attenuations were found after adjustment for adult height and maximum
body weight between age 18 and 30 years (p for linear trend=0.19 in the fully adjusted
model). Our findings were consistent across all subgroups considered (age ≤ or > 52 years;
body mass index <25, 25–30 or ≥30 kg/m2; history of hypertension, diabetes or
hypercholesterolemia and smoking status). Accordingly, none of the birth weight by
subgroup interaction terms reached statistical significance (data not shown).

Discussion
To our knowledge, this is the first large prospective assessment of the relationship between
birth weight and the occurrence or AF during adulthood. After multivariable adjustment, we
found a significant, direct linear relationship between birth weight and incident AF
(p=0.002), such that women in the highest birth weight category had a significant 71%
increased risk of incident AF compared with women in the lowest category. Taking into
account the effect of adult body mass index, blood pressure and diabetes had a small effect
on this association. By contrast, substantial attenuation was observed when adult height and
weight in young adulthood were added to these models, suggesting that adult height and/or
cumulative lifetime exposure to elevated body mass were more important mediators of the
association between birth weight and incident AF than body mass index, a measure of
adiposity, in adulthood.

The direct association observed in this study between birth weight and incident AF stands in
direct contrast to the previously reported inverse associations between birth weight and
cardiovascular disease and diabetes1, 2, 4, both risk factors for the development of AF28,
29. As in our study, confounding by socioeconomic status does not appear to account for the
association between birth weight and these outcomes2, 4, and the underlying mechanism is
unknown. It has been hypothesized that adverse prenatal environmental factors might retard
intrauterine growth and confer permanent changes in organ development and metabolism
leading to future adult disease30.Our data on AF risk suggest that these potential negative
prenatal influences which adversely affect other types of cardiovascular disease may be
offset by the relative protection lower birth weight confers on the susceptibility of the atria
to fibrillation in adulthood.

Prior studies, including our own, have demonstrated the important influence of adult obesity,
measured as body mass index, on the development of AF19, 31–33. Our findings add to this
literature by showing that birth weight confers an increased risk of developing AF later in
life independent of adult body mass index. Furthermore, recent data have highlighted the
importance of other body size measures in determining AF risk, and our study suggests that
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much of the association between birth weight and AF appears to be mediated through adult
height and body mass. Adult height has previously been associated with incident AF in prior
studies25, 32, and body surface area measured in young adulthood has also been recently
associated with subsequent AF among Swedish men25. Our data not only confirm these
findings in a female population, but might also raise some potential interesting pathogenic
insights.

Given the relationship between birth weight and adult body size measures7, 8, 34, genetic or
environmental intrauterine factors may partially “program” adult body mass, and as a result,
subsequent AF risk. Adult body mass may subsequently determine left atrial size19, 29, 35,
which directly influences AF risk. The association between birth weight and AF raises the
possibility that there may be other yet to be discovered early life determinants as well.
Recent findings from large scale genome wide association studies of AF provide further
support for the importance of early developmental factors in the pathogenesis of AF. The
strongest signal in these studies was found on Chromosome 4q25 near PITX2, a gene that is
important in the development of the left atrium and other cardiac structures involved in the
pathogenesis of AF36. Interestingly, the other genetic locus that has been consistently
related to incident AF (ZFHX3) is also involved in growth regulation of several tissues and
may even interact with PITX237. In this context, it is possible that birth weight is an indirect
marker of underlying genetic factors that modulate the risk of developing AF during
adulthood.

Although height is highly heritable and influenced by prenatal factors38, 39, post-natal
factors such as childhood nutrition influence adult height as well40. Therefore, if adult
height is the proximate causal factor, it is possible that the relationship between birth weight
and incident AF may just be a consequence of the correlation between birth weight and adult
height34. The risk estimates for height remained highly significant after controlling for birth
weight, which seems to support this possibility. However, it is difficult to evaluate
independent associations of two correlated variables, which may lie within the same causal
pathway, especially when one is more subject to measurement error. Adult height is known
to be self-reported with great precision in health professionals; the correlation coefficients
with measured height being between 0.96 and 0.9838. This greater precision in measurement
could also account for the stronger association observed for adult height as opposed to birth
weight, which was also reported in categories.

Strengths and limitations
Strengths of the present study include the prospective design, sample size, and long-term
follow-up with a large number of confirmed events. The following potential study
limitations also require discussion. First, the inclusion of initially healthy, middle-aged
female health professionals, most of them being of Caucasian origin, may limit the
generalizability of the results to men or other female populations. Given the inverse
associations between birth weight and other forms of cardiovascular disease, the relationship
may differ in older populations or in those with a higher prevalence of cardiovascular
disease, where a greater proportion of AF is secondary to established cardiac disease.
Second, as described above, birth weight was based on recall by study participants and was
reported in categories limiting the precision of the measurement, and such non-differential
misclassification may have biased our results toward the null. The latter also precluded an
assessment of whether extreme birth weights would have a differential impact on incident
AF. Third, screening electrocardiograms are not systematically available in this cohort and
some asymptomatic cases of AF may have gone undetected. However, in this cohort of
health professionals, who are medically sophisticated and have access to health care, under-
detection is less likely. In support of this contention, we found similar number of
asymptomatic AF cases in this cohort (n=73, 9.9%) as compared to the number of cases
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detected by screening electrocardiograms in other cohorts29, 41. Fourth, defining the initial
episode of AF accurately may be challenging, especially when 8–10% of women are
asymptomatic at the time of diagnosis. Misspecification of the time of incidence may have
introduced some bias towards the null into the time-to-event analysis. Finally, we were
unable to take into account important maternal factors that may influence birth weight and
its impact on cardiovascular outcomes, such as maternal smoking or socioeconomic status.

Conclusion
Birth weight is significantly associated with incident AF, suggesting that early life
determinants may play an important role in the pathogenesis of AF. Our findings also
suggest that a significant part of the association between birth weight and AF are mediated
through height and overall body mass. If the relationship described in the present study is
found to be causal in future studies, the increasing number of newborns with elevated birth
weight may at least in part be responsible for the increasing burden of AF in the general
population42.

Clinical summary

While birth weight has been associated with the risk of coronary disease and stroke, few
if any studies have assessed the influence of birth weight on the risk of developing atrial
fibrillation. We prospectively followed 27982 women who were >45 years and free of
cardiovascular disease and AF at baseline. Birth weight was categorized into 5 different
categories: <2.5, 2.5–3.2, 3.2–3.9, 3.9–4.5 and >4.5 kg. We found that higher birth
weight was associated with an increased risk of atrial fibrillation during adulthood. The
two highest categories were associated with a 70% and 71% increased risk after
multivariable adjustment. Further adjustment for adult height and maximum body weight
in young adulthood substantially attenuated these findings. Our results therefore
demonstrate that birth weight is significantly associated with incident atrial fibrillation
among women. We believe that our findings also suggest that early life determinants may
play an important role in the pathogenesis of atrial fibrillation. Most of this effect seems
to be mediated through height and cumulative lifetime exposure to elevated body mass.
In this context, the increasing prevalence of newborns with an elevated birth weight over
the last decades might provide one explanation for the increasing AF burden in Western
societies.

Acknowledgments
Financial Support

This study was supported by the grant HL-093613 from the National Heart, Lung and Blood Institute (to Dr.
Albert). The Women’s Health Study was supported by grants HL-043851, HL-080467 from the National Heart,
Lung and Blood Institute and CA-047988 from the National Cancer Institute.

References
1. Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds SJ. Weight in infancy and death from

ischaemic heart disease. Lancet. 1989; 2:577–580. [PubMed: 2570282]
2. Lawlor DA, Ronalds G, Clark H, Smith GD, Leon DA. Birth weight is inversely associated with

incident coronary heart disease and stroke among individuals born in the 1950s: findings from the
Aberdeen Children of the 1950s prospective cohort study. Circulation. 2005; 112:1414–1418.
[PubMed: 16129799]

Conen et al. Page 7

Circulation. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



3. Rich-Edwards JW, Kleinman K, Michels KB, Stampfer MJ, Manson JE, Rexrode KM, Hibert EN,
Willett WC. Longitudinal study of birth weight and adult body mass index in predicting risk of
coronary heart disease and stroke in women. BMJ. 2005; 330:1115. [PubMed: 15857857]

4. Whincup PH, Kaye SJ, Owen CG, Huxley R, Cook DG, Anazawa S, Barrett-Connor E, Bhargava
SK, Birgisdottir BE, Carlsson S, de Rooij SR, Dyck RF, Eriksson JG, Falkner B, Fall C, Forsen T,
Grill V, Gudnason V, Hulman S, Hypponen E, Jeffreys M, Lawlor DA, Leon DA, Minami J, Mishra
G, Osmond C, Power C, Rich-Edwards JW, Roseboom TJ, Sachdev HS, Syddall H, Thorsdottir I,
Vanhala M, Wadsworth M, Yarbrough DE. Birth weight and risk of type 2 diabetes: a systematic
review. JAMA. 2008; 300:2886–2897. [PubMed: 19109117]

5. Parsons TJ, Power C, Logan S, Summerbell CD. Childhood predictors of adult obesity: a systematic
review. Int J Obes Relat Metab Disord. 1999; 23 (Suppl 8):S1–107. [PubMed: 10641588]

6. Bergvall N, Iliadou A, Johansson S, de Faire U, Kramer MS, Pawitan Y, Pedersen NL, Lichtenstein
P, Cnattingius S. Genetic and shared environmental factors do not confound the association between
birth weight and hypertension: a study among Swedish twins. Circulation. 2007; 115:2931–2938.
[PubMed: 17515462]

7. Curhan GC, Chertow GM, Willett WC, Spiegelman D, Colditz GA, Manson JE, Speizer FE,
Stampfer MJ. Birth weight and adult hypertension and obesity in women. Circulation. 1996;
94:1310–1315. [PubMed: 8822985]

8. Curhan GC, Willett WC, Rimm EB, Spiegelman D, Ascherio AL, Stampfer MJ. Birth weight and
adult hypertension, diabetes mellitus, and obesity in US men. Circulation. 1996; 94:3246–3250.
[PubMed: 8989136]

9. Go AS, Hylek EM, Phillips KA, Chang Y, Henault LE, Selby JV, Singer DE. Prevalence of
diagnosed atrial fibrillation in adults: national implications for rhythm management and stroke
prevention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA.
2001; 285:2370–2375. [PubMed: 11343485]

10. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Abhayaratna WP, Seward JB, Tsang TS.
Secular trends in incidence of atrial fibrillation in Olmsted County, Minnesota, 1980 to 2000, and
implications on the projections for future prevalence. Circulation. 2006; 114:119–125. [PubMed:
16818816]

11. Benjamin EJ, Wolf PA, D'Agostino RB, Silbershatz H, Kannel WB, Levy D. Impact of atrial
fibrillation on the risk of death: the Framingham Heart Study. Circulation. 1998; 98:946–952.
[PubMed: 9737513]

12. Stewart S, Hart CL, Hole DJ, McMurray JJ. 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; 113:359–364. [PubMed: 12401529]

13. Ott A, Breteler MM, de Bruyne MC, van Harskamp F, Grobbee DE, Hofman A. Atrial fibrillation
and dementia in a population-based study. The Rotterdam Study. Stroke. 1997; 28:316–321.
[PubMed: 9040682]

14. Wang TJ, Larson MG, Levy D, Vasan RS, Leip EP, Wolf PA, D'Agostino RB, Murabito JM,
Kannel WB, Benjamin EJ. Temporal relations of atrial fibrillation and congestive heart failure and
their joint influence on mortality: the Framingham Heart Study. Circulation. 2003; 107:2920–
2925. [PubMed: 12771006]

15. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor for stroke: the
Framingham Study. Stroke. 1991; 22:983–988. [PubMed: 1866765]

16. Cappato R, Calkins H, Chen SA, Davies W, Iesaka Y, Kalman J, Kim YH, Klein G, Packer D,
Skanes A. Worldwide survey on the methods, efficacy, and safety of catheter ablation for human
atrial fibrillation. Circulation. 2005; 111:1100–1105. [PubMed: 15723973]

17. Waldo AL. A perspective on antiarrhythmic drug therapy to treat atrial fibrillation: there remains
an unmet need. Am Heart J. 2006; 151:771–778. [PubMed: 16569531]

18. Conen D, Tedrow UB, Koplan BA, Glynn RJ, Buring JE, Albert CM. Influence of Systolic and
Diastolic Blood Pressure on the Risk of Incident Atrial Fibrillation in Women. Circulation. 2009;
119:2146–2152. [PubMed: 19364977]

19. Wang TJ, Parise H, Levy D, D'Agostino RB Sr, Wolf PA, Vasan RS, Benjamin EJ. Obesity and
the risk of new-onset atrial fibrillation. JAMA. 2004; 292:2471–2477. [PubMed: 15562125]

Conen et al. Page 8

Circulation. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



20. Rexrode KM, Lee IM, Cook NR, Hennekens CH, Buring JE. Baseline characteristics of
participants in the Women's Health Study. J Womens Health Gend Based Med. 2000; 9:19–27.
[PubMed: 10718501]

21. Ridker PM, Cook NR, Lee IM, Gordon D, Gaziano JM, Manson JE, Hennekens CH, Buring JE. A
randomized trial of low-dose aspirin in the primary prevention of cardiovascular disease in
women. N Engl J Med. 2005; 352:1293–1304. [PubMed: 15753114]

22. Rich-Edwards JW, Colditz GA, Stampfer MJ, Willett WC, Gillman MW, Hennekens CH, Speizer
FE, Manson JE. Birthweight and the risk for type 2 diabetes mellitus in adult women. Ann Intern
Med. 1999; 130:278–284. [PubMed: 10068385]

23. Mosteller RD. Simplified calculation of body-surface area. N Engl J Med. 1987; 317:1098.
[PubMed: 3657876]

24. Conen D, Tedrow UB, Cook NR, Moorthy MV, Buring JE, Albert CM. Alcohol consumption and
risk of incident atrial fibrillation in women. JAMA. 2008; 300:2489–2496. [PubMed: 19050192]

25. Rosengren A, Hauptman PJ, Lappas G, Olsson L, Wilhelmsen L, Swedberg K. Big men and atrial
fibrillation: effects of body size and weight gain on risk of atrial fibrillation in men. Eur Heart J.
2009; 30:1113–1120. [PubMed: 19304990]

26. ACOG Practice Bulletin No.22: Fetal Macrosomia. American College of Obstetricians and
Gynecologists; Washington DC: 2000.

27. Cox DR. Regression models and life tables. J Roy Stat Soc B. 1972; 34:187–220.
28. Benjamin EJ, Levy D, Vaziri SM, D'Agostino RB, Belanger AJ, Wolf PA. Independent risk factors

for atrial fibrillation in a population-based cohort. The Framingham Heart Study. JAMA. 1994;
271:840–844. [PubMed: 8114238]

29. Psaty BM, Manolio TA, Kuller LH, Kronmal RA, Cushman M, Fried LP, White R, Furberg CD,
Rautaharju PM. Incidence of and risk factors for atrial fibrillation in older adults. Circulation.
1997; 96:2455–2461. [PubMed: 9337224]

30. Gluckman PD, Hanson MA. Living with the past: evolution, development, and patterns of disease.
Science. 2004; 305:1733–1736. [PubMed: 15375258]

31. Dublin S, French B, Glazer NL, Wiggins KL, Lumley T, Psaty BM, Smith NL, Heckbert SR. Risk
of new-onset atrial fibrillation in relation to body mass index. Arch Intern Med. 2006; 166:2322–
2328. [PubMed: 17130384]

32. Frost L, Hune LJ, Vestergaard P. Overweight and obesity as risk factors for atrial fibrillation or
flutter: the Danish Diet, Cancer, and Health Study. Am J Med. 2005; 118:489–495. [PubMed:
15866251]

33. Tedrow UB, Conen D, Ridker PM, Cook NR, Koplan BA, Manson JE, Buring JE, Albert CM. The
long and short term impact of elevated body mass index on risk of new atrial fibrillation in the
women's health study. J Am Coll Cardiol. 2010; 55:2319–2327. [PubMed: 20488302]

34. Sorensen HT, Sabroe S, Rothman KJ, Gillman M, Steffensen FH, Fischer P, Sorensen TI. Birth
weight and length as predictors for adult height. Am J Epidemiol. 1999; 149:726–729. [PubMed:
10206622]

35. Hanna IR, Heeke B, Bush H, Brosius L, King-Hageman D, Beshai JF, Langberg JJ. The
relationship between stature and the prevalence of atrial fibrillation in patients with left ventricular
dysfunction. J Am Coll Cardiol. 2006; 47:1683–1688. [PubMed: 16631009]

36. Gudbjartsson DF, Arnar DO, Helgadottir A, Gretarsdottir S, Holm H, Sigurdsson A, Jonasdottir A,
Baker A, Thorleifsson G, Kristjansson K, Palsson A, Blondal T, Sulem P, Backman VM,
Hardarson GA, Palsdottir E, Helgason A, Sigurjonsdottir R, Sverrisson JT, Kostulas K, Ng MC,
Baum L, So WY, Wong KS, Chan JC, Furie KL, Greenberg SM, Sale M, Kelly P, MacRae CA,
Smith EE, Rosand J, Hillert J, Ma RC, Ellinor PT, Thorgeirsson G, Gulcher JR, Kong A,
Thorsteinsdottir U, Stefansson K. Variants conferring risk of atrial fibrillation on chromosome
4q25. Nature. 2007; 448:353–357. [PubMed: 17603472]

37. Benjamin EJ, Rice KM, Arking DE, Pfeufer A, van Noord C, Smith AV, Schnabel RB, Bis JC,
Boerwinkle E, Sinner MF, Dehghan A, Lubitz SA, D'Agostino RB Sr, Lumley T, Ehret GB,
Heeringa J, Aspelund T, Newton-Cheh C, Larson MG, Marciante KD, Soliman EZ, Rivadeneira F,
Wang TJ, Eiriksdottir G, Levy D, Psaty BM, Li M, Chamberlain AM, Hofman A, Vasan RS,
Harris TB, Rotter JI, Kao WH, Agarwal SK, Stricker BH, Wang K, Launer LJ, Smith NL,

Conen et al. Page 9

Circulation. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Chakravarti A, Uitterlinden AG, Wolf PA, Sotoodehnia N, Kottgen A, van Duijn CM, Meitinger
T, Mueller M, Perz S, Steinbeck G, Wichmann HE, Lunetta KL, Heckbert SR, Gudnason V,
Alonso A, Kaab S, Ellinor PT, Witteman JC. Variants in ZFHX3 are associated with atrial
fibrillation in individuals of European ancestry. Nat Genet. 2009; 41:879–881. [PubMed:
19597492]

38. Silventoinen K, Kaprio J, Lahelma E, Koskenvuo M. Relative effect of genetic and environmental
factors on body height: differences across birth cohorts among Finnish men and women. Am J
Public Health. 2000; 90:627–630. [PubMed: 10754982]

39. Silventoinen K, Lahelma E, Rahkonen O. Social background, adult body-height and health. Int J
Epidemiol. 1999; 28:911–918. [PubMed: 10597991]

40. Ruel MT, Rivera J, Habicht JP, Martorell R. Differential response to early nutrition
supplementation: long term effects on height at adolescence. Int J Epidemiol. 1995; 24:404–412.
[PubMed: 7635603]

41. Mukamal KJ, Tolstrup JS, Friberg J, Jensen G, Gronbaek M. Alcohol consumption and risk of
atrial fibrillation in men and women: the Copenhagen City Heart Study. Circulation. 2005;
112:1736–1742. [PubMed: 16157768]

42. Bell R. Trends in birthweight in the north of England. Human fertility. 2008; 11:1–8. [PubMed:
18320433]

Conen et al. Page 10

Circulation. Author manuscript; available in PMC 2011 August 24.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Conen et al. Page 11

Ta
bl

e 
1

B
as

el
in

e 
ch

ar
ac

te
ris

tic
s a

cc
or

di
ng

 to
 b

irt
h 

w
ei

gh
t c

at
eg

or
ie

s

C
ha

ra
ct

er
is

tic
B

ir
th

 w
ei

gh
t c

at
eg

or
y,

 in
 k

g

<2
.5

 (n
=2

96
2)

2.
5–

3.
2 

(n
=7

22
8)

3.
2–

3.
9 

(n
=1

42
14

)
3.

9–
4.

5 
(n

=2
78

5)
≥

4.
5 

(n
=7

93
)

p 
va

lu
e*

A
ge

, y
ea

rs
52

 (4
9–

58
)

52
 (4

8–
57

)
52

 (4
9–

58
)

53
 (4

9–
58

)
56

 (5
1–

61
)

<0
.0

00
1

B
od

y 
m

as
s i

nd
ex

 a
t s

tu
dy

 e
nt

ry
, k

g/
m

2
25

.0
 (2

2.
3–

28
.9

)
24

.6
 (2

2.
2–

28
.2

)
25

.0
 (2

2.
6–

28
.3

)
25

.1
 (2

2.
8–

29
.2

)
25

.8
 (2

3.
0–

30
.0

)
<0

.0
00

1

W
ei

gh
t a

t s
tu

dy
 e

nt
ry

, k
g

66
 (5

8–
76

)
66

 (5
9–

75
)

68
 (6

1–
78

)
70

 (6
3–

82
)

73
 (6

4–
84

)
<0

.0
00

1

A
du

lt 
he

ig
ht

, c
m

16
3 

(1
57

–1
68

)
16

3 
(1

57
–1

68
)

16
5 

(1
60

–1
70

)
16

8 
(1

63
–1

70
)

16
8 

(1
63

–1
70

)
<0

.0
00

1

M
ax

. w
ei

gh
t b

et
w

ee
n 

ag
es

 1
8–

30
, k

g
59

 (5
4–

67
)

59
 (5

6–
66

)
61

 (5
7–

68
)

64
 (5

9–
73

)
64

 (5
9–

73
)

<0
.0

00
1

W
hi

te
 ra

ce
 (%

)
27

68
 (9

4.
4)

68
06

 (9
5.

1)
13

69
4 

(9
7.

0)
26

60
 (9

6.
6)

75
5 

(9
5.

7)
<0

.0
00

1

H
is

to
ry

 o
f h

yp
er

te
ns

io
n 

(%
)

80
6 

(2
7.

2)
17

42
 (2

4.
1)

33
38

 (2
3.

5)
64

8 
(2

3.
3)

23
6 

(3
0.

0)
<0

.0
00

1

D
ia

be
te

s m
el

lit
us

 (%
)

12
0 

(4
.1

)
17

6 
(2

.4
)

34
0 

(2
.4

)
81

 (2
.9

)
22

 (2
.8

)
<0

.0
00

1

H
is

to
ry

 o
f h

yp
er

ch
ol

es
te

ro
le

m
ia

 (%
)

89
1 

(3
0.

1)
20

07
 (2

7.
8)

38
87

 (2
7.

4)
76

2 
(2

7.
4)

24
9 

(3
1.

4)
0.

00
6

Sm
ok

in
g 

(%
)

<0
.0

00
1

 
C

ur
re

nt
44

3 
(1

5.
0)

88
1 

(1
2.

2)
17

07
 (1

2.
0)

35
5 

(1
2.

8)
11

7 
(1

4.
8)

 
Pa

st
95

5 
(3

2.
3)

25
08

 (3
4.

7)
52

11
 (3

6.
7)

10
79

 (3
8.

7)
34

5 
(4

3.
5)

 
N

ev
er

15
62

 (5
2.

8)
38

36
 (5

3.
1)

72
86

 (5
1.

3)
13

51
 (4

8.
5)

33
1 

(4
1.

7)

H
or

m
on

e 
re

pl
ac

em
en

t t
he

ra
py

 (%
)

12
34

0 
(4

2.
0)

29
81

 (4
1.

3)
58

35
 (4

1.
1)

10
66

 (3
8.

4)
36

3 
(4

5.
8)

<0
.0

00
1

Ex
er

ci
se

, t
im

es
/w

ee
k 

(%
)

0.
00

04

 
R

ar
el

y/
ne

ve
r

10
79

 (3
6.

4)
26

21
 (3

6.
3)

51
34

 (3
6.

1)
10

91
 (3

9.
2)

34
7 

(4
3.

8)

 
<1

61
0 

(2
0.

6)
14

69
 (2

0.
3)

29
08

 (2
0.

5)
55

1 
(1

9.
8)

14
6 

(1
8.

4)

 
1–

3
98

1 
(3

3.
1)

23
22

 (3
2.

2)
46

35
 (3

2.
6)

86
7 

(3
1.

2)
21

1 
(2

6.
6)

 
>3

29
2 

(9
.9

)
81

1 
(1

1.
2)

15
32

 (1
0.

8)
27

4 
(9

.9
)

89
 (1

1.
2)

A
lc

oh
ol

 c
on

su
m

pt
io

n 
(%

)
0.

00
01

 
R

ar
el

y/
ne

ve
r

13
84

 (4
6.

7)
31

14
 (4

3.
1)

60
80

 (4
2.

8)
12

22
 (4

3.
9)

39
5 

(4
9.

9)

 
1–

3 
dr

in
ks

 p
er

 m
on

th
38

3 
(1

2.
9)

97
6 

(1
3.

5)
18

92
 (1

3.
3)

38
9 

(1
4.

0)
86

 (1
0.

9)

 
1–

6 
dr

in
ks

 p
er

 w
ee

k
92

0 
(3

1.
1)

24
20

 (3
3.

5)
47

40
 (3

3.
4)

88
5 

(3
1.

8)
22

1 
(2

7.
9)

 
≥

1 
dr

in
k 

pe
r d

ay
27

4 
(9

.3
)

71
5 

(9
.9

)
15

00
 (1

0.
6)

28
7 

(1
0.

3)
90

 (1
1.

4)

H
ig

he
st

 e
du

ca
tio

n 
le

ve
l (

%
)

0.
00

01

 
Le

ss
 th

an
 a

 b
ac

he
lo

r’
s d

eg
re

e
15

81
 (5

4.
5)

38
33

 (5
4.

1)
76

61
 (5

4.
8)

15
89

 (5
7.

9)
47

7 
(6

1.
6)

 
B

ac
he

lo
r’

s d
eg

re
e

67
9 

(2
3.

4)
17

28
 (2

4.
4)

34
34

 (2
4.

6)
64

0 
(2

3.
3)

17
1 

(2
2.

1)

Circulation. Author manuscript; available in PMC 2011 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Conen et al. Page 12

C
ha

ra
ct

er
is

tic
B

ir
th

 w
ei

gh
t c

at
eg

or
y,

 in
 k

g

<2
.5

 (n
=2

96
2)

2.
5–

3.
2 

(n
=7

22
8)

3.
2–

3.
9 

(n
=1

42
14

)
3.

9–
4.

5 
(n

=2
78

5)
≥

4.
5 

(n
=7

93
)

p 
va

lu
e*

 
M

as
te

r’
s d

eg
re

e 
or

 d
oc

to
ra

te
63

9 
(2

2.
0)

15
23

 (2
1.

5)
28

95
 (2

0.
7)

51
7 

(1
8.

8)
12

7 
(1

6.
4)

* B
as

ed
 o

n 
K

ru
sk

al
-W

al
lis

 te
st

s f
or

 c
on

tin
uo

us
 v

ar
ia

bl
es

 a
nd

 c
hi

 sq
ua

re
 te

st
s f

or
 c

at
eg

or
ic

al
 v

ar
ia

bl
es

 D
at

a 
ar

e 
m

ed
ia

ns
 (i

nt
er

qu
ar

til
e 

ra
ng

es
) o

r c
ou

nt
s (

pe
rc

en
ta

ge
s)

. N
um

be
r o

f w
om

en
 a

cr
os

s c
at

eg
or

ie
s

m
ay

 n
ot

 su
m

 to
 th

e 
gi

ve
n 

nu
m

be
r b

ec
au

se
 o

f m
is

si
ng

 d
at

a.

Circulation. Author manuscript; available in PMC 2011 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Conen et al. Page 13

Ta
bl

e 
2

R
is

k 
of

 in
ci

de
nt

 A
F 

ac
co

rd
in

g 
to

 b
irt

h 
w

ei
gh

t c
at

eg
or

ie
s

B
ir

th
 w

ei
gh

t c
at

eg
or

y,
 in

 k
g

<2
.5

 (n
=2

96
2)

2.
5 

– 
3.

2 
(n

=7
22

8)
3.

2 
– 

3.
9 

(n
=1

42
14

)
3.

9 
– 

4.
5 

(n
=2

78
5)

≥
4.

5 
(n

=7
93

)
p l

in
ea

r 
tr

en
d

N
um

be
r o

f e
ve

nt
s

59
17

2
36

9
10

0
35

-

A
ge

-a
dj

us
te

d 
in

ci
de

nc
e 

ra
te

1.
45

1.
82

1.
88

2.
57

2.
55

-

A
ge

-a
dj

us
te

d 
re

la
tiv

e 
ris

k
R

ef
er

en
t

1.
27

 (0
.9

5–
1.

71
)

1.
31

 (1
.0

0–
1.

72
)

1.
75

 (1
.2

7–
2.

41
)

1.
76

 (1
.1

6–
2.

67
)

0.
00

04

M
ul

tiv
ar

ia
bl

e 
m

od
el

 1
*

R
ef

er
en

t
1.

30
 (0

.9
6–

1.
75

)
1.

28
 (0

.9
6–

1.
69

)
1.

70
 (1

.2
3–

2.
37

)
1.

71
 (1

.1
2–

2.
61

)
0.

00
2

M
ul

tiv
ar

ia
bl

e 
m

od
el

 2
†

R
ef

er
en

t
1.

31
 (0

.9
7–

1.
77

)
1.

27
 (0

.9
6–

1.
68

)
1.

68
 (1

.2
1–

2.
34

)
1.

63
 (1

.0
7–

2.
50

)
0.

00
4

M
ul

tiv
ar

ia
bl

e 
m

od
el

 3
‡

R
ef

er
en

t
1.

28
 (0

.9
4–

1.
73

)
1.

13
 (0

.8
5–

1.
50

)
1.

43
 (1

.0
2–

1.
99

)
1.

34
 (0

.8
7–

2.
05

)
0.

17

M
ul

tiv
ar

ia
bl

e 
m

od
el

 4
§

R
ef

er
en

t
1.

27
 (0

.9
4–

1.
71

)
1.

10
 (0

.8
3–

1.
46

)
1.

41
 (1

.0
1–

1.
96

)
1.

29
 (0

.8
4–

1.
98

)
0.

23

D
at

a 
ar

e 
co

un
ts

, r
at

es
 p

er
 1

00
0 

pe
rs

on
-y

ea
rs

 o
f f

ol
lo

w
-u

p 
or

 h
az

ar
d 

ra
tio

s (
95

%
 c

on
fid

en
ce

 in
te

rv
al

s)

* A
dj

us
te

d 
fo

r a
ge

, h
yp

er
ch

ol
es

te
ro

le
m

ia
, s

m
ok

in
g,

 e
xe

rc
is

e,
 a

lc
oh

ol
 c

on
su

m
pt

io
n,

 e
du

ca
tio

n,
 ra

ce
/e

th
ni

ci
ty

 a
nd

 h
or

m
on

e 
re

pl
ac

em
en

t t
he

ra
py

. D
ue

 to
 m

is
si

ng
 c

ov
ar

ia
te

s, 
th

e 
m

ul
tiv

ar
ia

bl
e 

m
od

el
 w

as
 b

as
ed

on
 7

15
 e

ve
nt

s i
n 

27
17

4 
w

om
en

.

† A
dd

iti
on

al
ly

 a
dj

us
te

d 
fo

r b
od

y 
m

as
s i

nd
ex

, s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
an

d 
di

ab
et

es
. D

ue
 to

 m
is

si
ng

 c
ov

ar
ia

te
s, 

th
e 

m
ul

tiv
ar

ia
bl

e 
m

od
el

 w
as

 b
as

ed
 o

n 
69

6 
ev

en
ts

 in
 2

63
68

 w
om

en
.

‡ A
dd

iti
on

al
ly

 a
dj

us
te

d 
fo

r a
du

lt 
he

ig
ht

. D
ue

 to
 m

is
si

ng
 c

ov
ar

ia
te

s, 
th

e 
m

ul
tiv

ar
ia

bl
e 

m
od

el
 w

as
 b

as
ed

 o
n 

69
6 

ev
en

ts
 in

 2
63

68
 w

om
en

.

§ A
dd

iti
on

al
ly

 a
dj

us
te

d 
fo

r m
ax

im
um

 b
od

y 
w

ei
gh

t b
et

w
ee

n 
ag

es
 1

8 
an

d 
30

 y
ea

rs
. D

ue
 to

 m
is

si
ng

 c
ov

ar
ia

te
s, 

th
e 

m
ul

tiv
ar

ia
bl

e 
m

od
el

 w
as

 b
as

ed
 o

n 
68

9 
ev

en
ts

 in
 2

59
92

 w
om

en
.

Circulation. Author manuscript; available in PMC 2011 August 24.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Conen et al. Page 14

Ta
bl

e 
3

R
is

k 
of

 in
ci

de
nt

 A
F 

ac
co

rd
in

g 
to

 b
irt

h 
w

ei
gh

t c
at

eg
or

ie
s, 

ce
ns

or
in

g 
w

om
en

 a
t t

he
ir 

fir
st

 c
ar

di
ov

as
cu

la
r e

ve
nt

B
ir

th
 w

ei
gh

t c
at

eg
or

y,
 in

 k
g

<2
.5

 (n
=2

96
2)

2.
5 

– 
3.

2 
(n

=7
22

8)
3.

2 
– 

3.
9 

(n
=1

42
14

)
3.

9 
– 

4.
5 

(n
=2

78
5)

≥
4.

5 
(n

=7
93

)
p l

in
ea

r 
tr

en
d

N
um

be
r o

f e
ve

nt
s

52
16

1
34

8
96

32
-

A
ge

-a
dj

us
te

d 
in

ci
de

nc
e 

ra
te

1.
32

1.
74

1.
81

2.
53

2.
43

-

A
ge

-a
dj

us
te

d 
re

la
tiv

e 
ris

k
R

ef
er

en
t

1.
34

 (0
.9

8–
1.

83
)

1.
38

 (1
.0

3–
1.

85
)

1.
89

 (1
.3

5–
2.

65
)

1.
83

 (1
.1

7–
2.

84
)

0.
00

02

M
ul

tiv
ar

ia
bl

e 
m

od
el

 1
*

R
ef

er
en

t
1.

34
 (0

.9
8–

1.
84

)
1.

32
 (0

.9
8–

1.
77

)
1.

81
 (1

.2
9–

2.
55

)
1.

75
 (1

.1
2–

2.
73

)
0.

00
1

M
ul

tiv
ar

ia
bl

e 
m

od
el

 2
†

R
ef

er
en

t
1.

33
 (0

.9
7–

1.
83

)
1.

29
 (0

.9
6–

1.
74

)
1.

77
 (1

.2
6–

2.
50

)
1.

65
 (1

.0
6–

2.
58

)
0.

00
3

M
ul

tiv
ar

ia
bl

e 
m

od
el

 3
‡

R
ef

er
en

t
1.

30
 (0

.9
4–

1.
78

)
1.

15
 (0

.8
5–

1.
55

)
1.

49
 (1

.0
5–

2.
11

)
1.

34
 (0

.8
6–

2.
10

)
0.

14

M
ul

tiv
ar

ia
bl

e 
m

od
el

 4
§

R
ef

er
en

t
1.

28
 (0

.9
3–

1.
76

)
1.

12
 (0

.8
3–

1.
50

)
1.

47
 (1

.0
4–

2.
08

)
1.

29
 (0

.8
2–

2.
02

)
0.

19

D
at

a 
ar

e 
co

un
ts

, r
at

es
 p

er
 1

00
0 

pe
rs

on
-y

ea
rs

 o
f f

ol
lo

w
-u

p 
or

 h
az

ar
d 

ra
tio

s (
95

%
 c

on
fid

en
ce

 in
te

rv
al

s)

* A
dj

us
te

d 
fo

r a
ge

, h
yp

er
ch

ol
es

te
ro

le
m

ia
, s

m
ok

in
g,

 e
xe

rc
is

e,
 a

lc
oh

ol
 c

on
su

m
pt

io
n,

 e
du

ca
tio

n,
 ra

ce
/e

th
ni

ci
ty

 a
nd

 h
or

m
on

e 
re

pl
ac

em
en

t t
he

ra
py

. D
ue

 to
 m

is
si

ng
 c

ov
ar

ia
te

s, 
th

e 
m

ul
tiv

ar
ia

bl
e 

m
od

el
 w

as
 b

as
ed

on
 6

70
 e

ve
nt

s i
n 

27
17

4 
w

om
en

.

† A
dd

iti
on

al
ly

 a
dj

us
te

d 
fo

r b
od

y 
m

as
s i

nd
ex

, s
ys

to
lic

 b
lo

od
 p

re
ss

ur
e,

 d
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
an

d 
di

ab
et

es
. D

ue
 to

 m
is

si
ng

 c
ov

ar
ia

te
s, 

th
e 

m
ul

tiv
ar

ia
bl

e 
m

od
el

 w
as

 b
as

ed
 o

n 
65

1 
ev

en
ts

 in
 2

63
68

 w
om

en
.

‡ A
dd

iti
on

al
ly

 a
dj

us
te

d 
fo

r a
du

lt 
he

ig
ht

. D
ue

 to
 m

is
si

ng
 c

ov
ar

ia
te

s, 
th

e 
m

ul
tiv

ar
ia

bl
e 

m
od

el
 w

as
 b

as
ed

 o
n 

65
1 

ev
en

ts
 in

 2
63

68
 w

om
en

.

§ A
dd

iti
on

al
ly

 a
dj

us
te

d 
fo

r m
ax

im
um

 b
od

y 
w

ei
gh

t b
et

w
ee

n 
ag

es
 1

8 
an

d 
30

 y
ea

rs
. D

ue
 to

 m
is

si
ng

 c
ov

ar
ia

te
s, 

th
e 

m
ul

tiv
ar

ia
bl

e 
m

od
el

 w
as

 b
as

ed
 o

n 
64

4 
ev

en
ts

 in
 2

59
92

 w
om

en
.

Circulation. Author manuscript; available in PMC 2011 August 24.


