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Abstract
Prior research found that Americans born in 6 southeastern states (the AF-risk zone) had elevated
risk of AF-related mortality, but no mechanisms were identified. We hypothesized the association
between AF-related mortality and AF-risk zone birth is explained by indicators of childhood social
disadvantage or adult risk factors. In 24,323 participants in the US Health and Retirement Study,
we found that birth in the AF-risk zone was significantly associated with hazard of AF-related
mortality. Among whites, the relationship was specific to place of birth, rather than place of adult
residence. Neither paternal education nor subjectively assessed childhood SES predicted AF-
related mortality. Conventional childhood and adult cardiovascular risk factors did not explain the
association between place of birth and AF-related mortality.
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INTRODUCTION
Lifecourse cardiovascular epidemiology has demonstrated that early life risk factors such as
low birthweight and childhood socioeconomic adversity predict greater risk for angina and
atherosclerosis as well as adult mortality from coronary heart disease and stroke.
(Galobardes et al., 2006, Fabsitz and Feinleib, 1980, Batty et al., 2007, Glymour et al., 2007)
Atrial fibrillation (AF) is the most common cardiac arrhythmia, (Benjamin et al., 2009,
Magnani et al., 2011) and is responsible for significant morbidity from heart failure,
dementia, and stroke, and increased mortality. Few articles have addressed whether early life
conditions contribute to the development of AF. Preliminary evidence suggests that early
life factors may influence AF, but via mechanisms distinct from those established for most
other cardiovascular outcomes. For example, higher birthweight predicted increased risk of
AF in the Women’s Health Study. (Conen et al., 2010) We recently showed that birth in a
band of six Southeastern states (the AF-risk zone) predicted AF-related mortality. (Patton et
al., 2011) Surprisingly, given the close association between AF and stroke, the geography of
the AF-risk zone only partially overlapped with the U.S. Stroke Belt. (Glymour et al., 2009,
Glymour et al., 2007, Howard, 1999, Casper et al., 1995, Howard et al., 1997) Place of birth
sets the stage for a host of subsequent childhood and adult exposures that may influence risk
of AF (figure 1). No prior study has examined whether the association between place of
birth and AF-related mortality may be explained by childhood socioeconomic disadvantage
or common cardiovascular risk factors.

In the current analysis, we used a national cohort to confirm and further examine our
previous report that individuals born in the AF-risk zone had elevated risk of AF-related
mortality, regardless of state of adult residence. (Patton et al., 2011) We tested the following
hypotheses: 1) birth in any of 6 high risk states -- previously identified from the national
mortality files to have the strongest relationship with AF-related mortality -- predicts AF-
related mortality in this nationally representative cohort; 2) indicators of childhood
adversity, previously associated with stroke and heart disease mortality, predict AF-related
mortality; and 3) associations of place of birth with AF-related mortality are attenuated
when adjusted for indicators of childhood adversity and for adult behavioral and physical
risk factors.

METHODS
The national Health and Retirement Study (HRS) is an ongoing cohort study of US adults
age ≥50 years and their spouses (regardless of spousal age). Details on study design and
measures have been previously published. (Juster and Suzman, 1995, Heeringa and Connor,
1995) Briefly, the study was initiated in 1992, with additional enrollments in 1993, 1998,
and 2004, depending on birth cohort. Participants are interviewed biennially; following each
wave a linkage to National Death Index (NDI) records is conducted. (2009) NDI records are
searched for participants lost to follow-up and individuals previously reported as deceased
but not yet successfully linked to NDI data. (Health and Retirement Study, 2011) We
followed HRS participants with non-missing data from their date of first interview to date of
death, drop-out, or last HRS interview (in the 2008 wave).

From 31022 respondents, we excluded 6696 (21.6%) participants who were not age eligible
(younger than 49.9 years at baseline) and 3 (0.01%) missing date of last interview. The
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analytic sample comprised 24,323 respondents followed an average of 9.7 years. The parent
study is approved by the University of Michigan Institutional Review Board and the current
analyses were approved by the Human Subjects Committee of the Harvard School of Public
Health.

Data collection and measurements
The outcome was defined as death with AF (ICD-9 code 427.3 or ICD-10 code I48) listed as
a contributing cause. At enrolment (average age 63.7), respondents identified their state of
current residence and state of birth. The AF-risk zone was defined to include 5 states
(Maryland, North Carolina, South Carolina, Virginia, West Virginia) and the District of
Columbia (henceforth referred to collectively as the AF-risk zone). Study participants were
classified as having lived in the AF-risk zone at birth or at study enrolment based on self-
reported state of residence. These states were selected based on our previous analyses in a
separate data set (National Center for Health Statistics mortality records), which identified
these six states as the highest risk states of birth for AF-related mortality. (Patton et al.,
2011) In supplemental analyses, we examined all-cause mortality, death with stroke (ICD-9
codes: 430 to 438 or ICD-10 codes: I60 to I69, or G458, or G459) as a contributing cause
and death with heart failure (ICD-9 428 or ICD-10 I50) as a contributing cause.

In the current paper, we conduct supplemental analyses contrasting AF-related mortality in
the AF-risk zone against AF-related mortality in Stroke Belt states not in the AF-risk zone.
We defined the Stroke Belt exactly as in our previous publications to include the states of:
North Carolina, South Carolina, Georgia, Tennessee, Arkansas, Mississippi, or Alabama.
(Glymour et al., 2009, Glymour et al., 2007)

We examined years of completed schooling (0–17) and three indicators of childhood
socioeconomic adversity (father’s education, perceived childhood socioeconomic status
(SES), and height) previously shown to predict other aspects of health in HRS or other
studies. Father’s education (<8, ≥8 years, unknown) predicted stroke onset in HRS
(Glymour et al., 2008) and several cardiovascular outcomes in other studies. (Lemelin et al.,
2009, Galobardes et al., 2006) To assess perception of childhood socioeconomic
disadvantage, respondents were asked: “Now think about your family when you were
growing up, from birth to age 16. Would you say your family during that time was pretty
well off financially, about average, or poor?” Responses were scaled from 1 (pretty well off)
to 5 (poor), and the small fraction of participants who volunteered “it varied” were coded as
3. Three additional questions related to childhood SES were asked including “did financial
difficulties ever cause you or your family to move to a different place?”, “was there a time
when you or your family received help from relatives because of financial difficulties?” and
“was there a time of several months or more when your father had no job?” These measures
were combined into a single scale from 1 to 5, with a missing indicator for respondents who
did not complete the question. These items regarding perceived childhood SES predict
several domains of adult health. (Luo and Waite, 2005) Height was self-reported at baseline
interview. Adult height is sensitive to childhood nutrition, infections, and psychosocial
conditions, (Steckel, 1995, Kuh and Wadsworth, 1989, Peck and Lundberg, 1995) and short
stature has been linked to cardiovascular conditions and stroke. (Hebert et al., 1993, Krahn
et al., 1994, Glymour et al., 2008) Based on prior evidence linking tall stature to elevated AF
risk, we first considered height in sex specific categories and then as a single linear term
expressed in inches. We found no evidence that the association between height and AF-
related mortality differed by sex (p-value for test of interaction between height and
sex=0.69; detailed sex-stratified results in web table 1), so we estimated a common
coefficient.
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We also examined adult risk factors including first available report of: household wealth (in
1992 dollars, divided by the square root of household size and natural log transformed);
smoking status (never, past, current); self-reported body mass index (BMI); and self-
reported physician’s diagnoses of hypertension, diabetes, stroke and heart disease. We used
the missing indicator method to retain observations missing BMI information (n=203,
0.8%). All models were adjusted for age at enrolment and sex. We present models stratified
or adjusted for race (black vs all other; nearly all “others” described themselves as white).

Methods of analysis
In models adjusted only for demographic variables, we used Cox proportional hazard
models to assess whether birth or adult residence in the AF-risk zone predicted AF-related
mortality. We considered birth and adult residence in the AF-risk zone first in separate
models and then in the same model. Because place of birth is temporally prior to place of
adult residence and also influences place of adult residence (figure 1), we conceptualize
adult residence in the AF-risk zone as a potential mediator of the effect of birth in the AF-
risk zone. The overall effect of birth in the AF-risk zone is therefore best estimated in a
model without adjustment for place of adult residence. The AF-risk zone overlaps with the
Stroke Belt. Therefore, AF might be observed more frequently in people who died in states
in the AF-risk zone because they were more likely to die of stroke, if AF ascertainment was
better among individuals with stroke. To rule this out, we repeated the primary analyses
excluding respondents who died with stroke listed as a contributing cause of death. The
exclusion of stroke death is an overly conservative analysis because AF is an established
cause of stroke. (Patton et al., 2011) We also repeated analyses distinguishing between states
in the AF-risk zone and states in the Stroke Belt but not the AF-risk zone (Georgia,
Tennessee, Arkansas, Mississippi, or Alabama). We present these models stratified by race
and pooled for all respondents because of prior evidence that the geographic patterns of AF
may differ for blacks and whites. (Patton et al., 2011, Cushman et al., 2008) We interpret
results for blacks very cautiously, because of the close correspondence between region of
birth and region of adult residence and small number of events.

We next assessed whether childhood risk factors predicted AF-related mortality, and
whether birth in the AF-risk zone was associated with AF-related mortality after adjustment
for childhood risk factors. Finally, we repeated analyses including adjustment for adult
cardiovascular risk factors. We present hazard ratios (HRs) and 95% CIs comparing AF-
related mortality risk in each exposure category to AF-related mortality risk for the reference
group. We estimate percent attenuation in adjusted versus unadjusted models as 1-
(HRadjusted-1)/(HRunadjusted-1). Survival was defined as time from baseline interview to AF-
related mortality, mortality due to other causes, or last interview date. Analyses were
conducted using SAS 9.1 and 9.2 (SAS Institute Incorporated, Cary, NC, USA).

RESULTS
Characteristics of the HRS population, stratified by mortality status, are shown in Table 1.
Of 230 AF-related deaths, 206 were among whites and 24 were among blacks. Descriptive
characteristics stratified by birth or adult residence in the AF-risk zone are shown in the
Appendix Table. Pooling blacks and whites, respondents born in the 6 states designated as
the AF-risk zone had 78% elevated hazard of AF-related mortality (95% CI 1.20 to 2.64;
Table 2). Restricting to blacks, birth in the AF-risk zone was associated with over a doubling
of the risk of AF-related mortality, although this estimate was very imprecise due to the
small number of events (HR=2.64; 1.18 to 5.91). Among whites, the point estimate
suggested birth in the AF-risk zone was associated with a 56% increase in hazard of AF-
related mortality, but the CI included the null (0.98 to 2.51). Whites who lived in the AF-
risk zone in adulthood (specifically, at study enrollment, 65% of whom were born in the
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risk-zone) had a non-significant elevation in AF-related mortality risk (HR=1.28; 0.78 to
2.10). For blacks, living in the AF-risk zone at study enrollment (89% of whom were born in
the risk-zone) was associated with even greater elevation in risk than birth in the AF-risk
zone (HR=3.82; 1.64 to 8.92). When simultaneously adjusting for birth and adult residence
in the AF-risk zone separately for blacks and whites, the point estimate of the HR for region
of birth was larger for whites, while the point estimate for region of adult residence was
larger for blacks. Overall, in the race-pooled model including both place of birth and place
of adult residence, neither birth nor adult residence in the AF-risk zone was significantly
associated with AF-related mortality, but the point estimate was higher for birth in the AF-
risk zone (HR=1.59; 0.93 to 2.72) than for adult residence in the AF-risk zone (HR=1.20;
0.69 to 2.09).

We repeated analyses excluding individuals with stroke as a contributing cause of death.
Although this should be an overly conservative effect estimate, we found that birth in the
AF-risk zone was associated with a HR of 1.65 (95% CI 1.00 to 2.73) even when excluding
all events with stroke as a contributing cause of death (Table 2, Model 4). The AF-risk zone
partially overlaps with the Stroke Belt. To assess whether AF-related mortality was elevated
throughout the Stroke Belt, we estimated the HR for AF-related mortality associated with
birth in a Stroke Belt state which was not in the AF-risk zone. Birth in this region was not
associated with elevated AF-related mortality among whites (HR=0.85; 0.52 to 1.38) or
blacks (HR=1.21; 0.40 to 3.70) compared to birth elsewhere in the US (i.e., not the Stroke
Belt and not the AF-risk zone). Birth in the AF risk zone was associated with small
elevations in all-cause mortality in race-pooled models (HR= 1.19; 95% CI: 1.10, 1.28),
reflecting a significant association among whites (HR=1.29; 95% CI: 1.18, 1.42) but not
among blacks (HR=1.02; 0.90 to 1.16) (results not shown in tables). In race pooled models,
birth in the AF-risk zone was associated with both death related to heart failure (HR=1.23;
1.00, 1.50) and death related to stroke (HR=1.43; 1.17, 1.76) (not shown in tables).

AF-related mortality was higher among whites and was not associated with paternal
education or subjective assessment of childhood socioeconomic disadvantage (Table 3). In
models examining height in sex-specific categories, we found a progressive gradient of
increasing height associated with higher risk of AF-related mortality regardless of sex (Web
Only Table 1). AF-related mortality risk was associated approximately linearly with stature;
although contrary to associations with other cardiovascular outcomes, taller stature was
associated with higher AF risk (HR per inch=1.08; 95% CI 1.03 to 1.13). Finally, years of
education did not predict AF-related mortality (HR=0.99; 0.95 to 1.02). Adjusting for all of
these risk factors, birth in the AF-risk zone retained an association with AF risk (HR=1.66;
1.12 to 2.46) an attenuation of only 15% from the unadjusted model HR of 1.78 (Table 2).

Among adult risk factors examined (Table 4), lower household wealth, diagnoses of
hypertension, and heart disease all significantly predicted hazard of AF-related mortality.
Adjusting for all adult measures, birth in the AF-risk zone remained associated with AF-
related mortality (HR=1.66; 95% CI 1.12 to 2.47), an attenuation of only 15% from the
unadjusted model HR.

DISCUSSION
We observed significant elevations in odds of AF-related mortality associated with birth in
the AF-risk zone. Other early life cardiovascular risk factors, including risk factors
previously associated with stroke, did not predict AF-related mortality. To the contrary,
shorter stature, an indication of early life disadvantage associated with stroke and heart
disease, was associated with lower risk of AF relative to taller stature. The elevated risk
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associated with birth in the AF-risk zone was not attenuated by adjustment for any of the
measured early life or adult risk factors.

There has been little prior research on lifecourse determinants of AF. Using the National
Center for Health Statistics mortality files and the US Census microsample, we previously
identified a cluster of US states with elevated AF-related mortality risk. (Patton et al., 2011)
The current research confirms that finding and addresses several limitations of the prior
study by using a longitudinal cohort. These advantages include ascertainment of place of
birth directly from respondents, and the opportunity to examine several plausible
mechanisms linking place of birth to AF-related mortality. Because of the close association
between AF and stroke, we anticipated that childhood risk factors associated with stroke
incidence and mortality would also predict AF. We found no support for this hypothesis.
Remarkably, indicators of early life disadvantage linked to stroke did not predict AF-related
mortality.

One prior study examining early life antecedents of AF found that higher birthweight
predicted elevated AF risk (Conen et al., 2010), consistent with evidence that tall stature is
associated with increased risk of AF. (Chamberlain et al., 2011, Mont et al., 2008,
Rosengren et al., 2009) However, this finding contrasts with much lifecourse epidemiology,
which implicates low birthweight and short adult stature in increased risk of adult
cardiovascular disease. In recent years, low birthweight has been shown to be more common
among southerners (Thompson et al., 2005, Nepomnyaschy, 2010) although it is not known
if this association applied in earlier birth cohorts. This suggests that early life determinants
of AF may be distinct from pathways related to coronary heart disease. (Fabsitz and
Feinleib, 1980, Roux et al., 2001, Batty et al., 2007, Glymour et al., 2007, Galobardes et al.,
2006, Conen et al., 2010)

Previous research indicates that AF prevalence differences do not explain the Stroke Belt,
but AF may contribute to elevated stroke risk in the region considered the “buckle” of the
Stroke Belt. Cushman et al. reported elevated AF prevalence in white residents of the Stroke
Buckle, but not when considering the Stroke Belt as a whole. (Cushman et al., 2008) We
also found evidence that states at especially high risk for AF-related mortality overlap to
some extent with the Stroke Buckle.

If measured indicators of early life adversity do not predict AF-related mortality, the AF-risk
zone effects must be mediated by some other factor. Because AF is a strong risk factor for
both stroke and heart failure, we expected that birth in the AF-risk zone would also predict
those outcomes and indeed we find evidence to support this. However, for all-cause
mortality (HR=1.19), stroke-related mortality (HR=1.43), and heart-failure-related mortality
(HR=1.23), the association was attenuated compared to AF-related mortality (HR=1.78),
suggesting the association might be via independent mechanisms related specifically to AF.
Plausible factors might be conditions that are not well measured in epidemiologic studies of
adult cardiovascular disease, such as early life dietary patterns, environmental exposures,
gestational exposures, latent infectious diseases, psychological traumas, and institutional
resources, such as schools or occupational conditions. (Howard, 1999, Brunner, 2000,
Seeman et al., 2010, Marks, 2003, Alt, 1994) Normal electrophysiologic function is
dependent on cardiac cellular structure and the function of multiple ion channels. (Iwasaki et
al., 2011) AF is also related to enlarged atrial size but the etiology of AF is not fully
understood; it is not clear what early life risk factors would differentially affect AF over
stroke. The most rapid development of cardiac tissue occurs prenatally, suggesting the
possibility that prenatal environmental exposures may subtly disrupt proper development
during gestation. This hypothetical developmental change would have to be quite subtle,
with manifestation only in much later life when AF emerges as a common event.
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Examination of regional differences in other indicators of cardiac electrophysiology may
provide better insight into specific aspects of cardiac development that are geographically
patterned.

Isolating the relevant timing of exposure could be a valuable clue into plausible
mechanisms, but unfortunately we do not have detailed information on residential history.
Nearly all children born in the AF-risk zone would have lived there at least through
adolescence; for most, their mothers would have resided in the AF-risk zone during
pregnancy. (Ruggles et al., 2004, Glymour and Manly, 2008) This period spans many
important developmental periods associated with rapid physical (e.g., gestation, childhood
growth spurts, puberty) and social (e.g., formal education, labor market entry) changes. With
these data, we cannot pinpoint the etiologically relevant lifecourse period.

To our knowledge, our study is the first to examine childhood socioeconomic conditions and
adult AF outcomes, but we faced several limitations. First, we did not have AF diagnoses or
incidence as an outcome, but could only use AF-related mortality as a surrogate endpoint.
AF-related mortality may not correspond well with incidence or prevalence of AF because it
reflects the combined influence of incidence and case-fatality. We therefore cannot
distinguish predictors of incidence from predictors of fatality rate among individuals with
AF. AF may be underreported on death certificates. (Goldacre, 1993, Lloyd-Jones et al.,
1998) However, our results are largely consistent with prior research on several previously
investigated AF risk factors, including age, race, height, and hypertension. (Benjamin et al.,
2009, Kannel and Benjamin, 2008) Differences in cause of death coding seem unlikely to
fully explain our results, because such differences would primarily pertain to place of death,
rather than place of birth. We caution that these results require replication in a
geographically diverse dataset with improved assessment of AF. Competing risks and
survivor bias may also have attenuated the associations we observe. There is no perfect
solution to these problems, but we believe the bias would almost certainly be towards the
null. We used a definition of the AF-risk zone based on prior research on place of birth
effects. (Patton et al., 2011) Although the results for this definition of the AF-risk zone seem
most consistent for exposure at birth, our ability to distinguish birth from adult risk is based
on the relatively small number of individuals (11% of blacks and 5% of whites) who
migrated between the AF-risk zone and other states. Our findings do not preclude a distinct
geography of adult exposures that influences AF incidence or mortality.

HRS participants born in the AF-risk zone are not a representative sample of all such
Americans because, although HRS is nationally representative, it is not representative at the
state level. Our findings are far more convincing in the context of previous results – based
on national death records – showing very similar geographic patterns. We had relatively few
AF-related deaths, so our effect estimates are quite imprecise. The number of events in
blacks was especially small, so our analyses in blacks and racial comparisons must be
viewed as preliminary. Finally, state is the lowest level geographic resolution available for
place of birth in this study. However, risk probably varies at much more local scales, such as
counties or even neighborhoods. Many of the limitations we discuss may be addressed in
other data sets, such as the Reasons for Geographic And Racial Differences in Stroke
(REGARDS) study or with future data linkages in HRS.

In summary, we confirm prior findings of significant elevations in odds of AF-related
mortality associated with geographic place of birth. These intriguing findings suggest there
are as yet unidentified early life factors relevant to the development of AF. Identifying such
factors may help inform prevention efforts. Given the substantial medical burden of the AF
epidemic, advances in prevention could result in major public health benefits.
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Highlights

• U.S. HRS participants (n=24323) were followed an average of 9.7 years for AF-
related mortality.

• Birth in the AF-risk zone was significantly associated with hazard of AF-related
mortality.

• Among whites, the relationship was specific to place of birth, rather than place
of adult residence.

• Major childhood and adult socioeconomic risk factors previously shown to
predict stroke did not predict AF-related mortality.
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Figure 1.
Hypothesized causal structure linking place of birth and Atrial Fibrillation related mortality.
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