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Cardiovascular disease (CVD) is the leading contributor to mortality in the United States. Previous studies have
linked early life individual and family factors, along with various contemporaneous place-based exposures to
differential individual CVD mortality risk. However, the impacts of early life place exposures and how they
compare to the effects of an individual’s current place of residence on CVD mortality risk is not well understood.
Using the National Longitudinal Mortality Study, this research examined the effects of both state of birth and
state of residence on individual’s risk of CVD mortality. We estimated individual mortality risk by estimating
multi-level logistic regression models. We found that during a follow-up period of 11 years, 18,292 (4.2%) out of
433,345 participants died from CVD. The impact of state of birth on subsequent CVD mortality risk are greater
than state of residence, even after adjusting for socio-demographic factors. Individuals who were born in certain
states such as Tennessee, Kentucky, and Pennsylvania on average had higher CVD mortality risk. Conversely,
those born in California, North Dakota, and Montana were found to have lower risk, no matter where they
presently live. This study implies that early life state-level environments may be more prominent to individual’s
CVD mortality risk, compared to the state in which one lives. Future research should address specific mechanisms

through which state of birth may affect people’s risk of CVD mortality.

1. Introduction

Cardiovascular disease (CVD) is the number one underlying cause of
death in the United States, directly contributing to almost 660,000
deaths in 2019 (Roth et al., 2018). Despite continued advances in public
health and medicine, recent data suggest that the decline of CVD mor-
tality may have plateaued in the US (Martinez et al., 2020; Wilmot et al.,
2015). This stagnating decline in CVD mortality, rather than the rising
“deaths of despair”, has been credited as the main reason why life ex-
pectancy in the US has stalled/declined in recent years (Mehta et al.,
2020). Reducing CVD mortality remains a significant public health
challenge in the US.

Incorporating life course theories of health, a strand of research has
linked early life conditions to CVD risk in later life. The famous “Barker
hypothesis” posits that fetal and infant growth programs the develop-
ment of CVD risk factors later in the life course (Barker, 1991, 1995;
Paneth & Susser, 1995). Building on this hypothesis, research has
examined the relationships between a wide range of early life factors
and later CVD risk. For example, socioeconomic disadvantage in early

life has been associated with worse CVD outcomes in later life (de
Mestral & Stringhini, 2017; Pollitt et al., 2007). Research has also linked
low birth weight to elevated risk of incident ischemic heart disease
(Huxley et al., 2007), coronary heart disease and stroke (Lawlor et al.,
2005) and CVD mortality (Risnes et al., 2011). In addition, early-life
psychosocial factors may also influence cardiovascular risk later in
life. For instance, positive childhood factors such as having a positive
home environment, greater levels of cognition, and child attention
regulation have been associated with favorable cardiovascular health in
midlife (Appleton et al., 2013).

Another advance in our understandings of how disease and mortality
risks vary across peoples and places is the growing attention to the ef-
fects of contextual factors. The “ecosocial theory” of health (Krieger,
2001) suggests that, in addition to individual level biological, behavioral
and psychosocial factors, contextual factors operating at different
geographic scales may independently affect our health. Moreover, these
contextual factors may interact with individual factors to influence our
health in complex and intricate ways. Built on this conceptual frame-
work, empirical research has increasingly incorporated the

* Corresponding author. Center for Demography of Health and Aging University of Wisconsin Madison, 1180 Observatory Drive, WI, 53706, USA.

E-mail address: wxu249@wisc.edu (W. Xu).

https://doi.org/10.1016/j.ssmph.2021.100875

Received 28 April 2021; Received in revised form 12 July 2021; Accepted 13 July 2021

Available online 16 July 2021

2352-8273/Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:wxu249@wisc.edu
www.sciencedirect.com/science/journal/23528273
https://www.elsevier.com/locate/ssmph
https://doi.org/10.1016/j.ssmph.2021.100875
https://doi.org/10.1016/j.ssmph.2021.100875
https://doi.org/10.1016/j.ssmph.2021.100875
http://creativecommons.org/licenses/by-nc-nd/4.0/

W. Xu et al.

characteristics of our proximate and distant environments (e.g., natural,
built or social) in research on cardiovascular disease outcomes in recent
decades. One example is the urbanicity/rurality of place of residence
(Cross et al., 2020; Kulshreshtha et al., 2014). Recent research has
shown that between 1999 and 2017, residents in rural areas in the US
had greater CVD mortality rates among all subgroups defined by age, sex
and race/ethnicity, compared to those residing in metropolitan areas
(Cross et al., 2020). Area socioeconomic status (SES) is another example
where deprivation has been associated with higher individual CVD
mortality risk, net of individual biological, behavioral and SES factors
(Ford & Highfield, 2016; Major et al., 2010; Ramsay et al., 2015;
Sanchez-Santos et al., 2013; Smith et al., 1998). Other factors related to
place of residence have been associated with differential risk of CVD
mortality, including residential exposure to environmental hazards (e.
g., noise, air pollution) (Huss et al., 2010; Miller & Newby, 2020; Pope
etal., 2011; Rajagopalan et al., 2018), neighborhood social context (e.g.,
social cohesion) (LeClere et al., 1998; Tamura et al., 2019) and access to
health care (Macinko & Elo, 2009).

A few studies have looked at disparities in later CVD mortality risk
based on place of birth. Researchers examined the “Southern-born ef-
fect” in the US where Americans born in the South had higher death
rates from cancer, diabetes, heart and cerebrovascular diseases
compared to persons born in other regions (Greenberg & Schneider,
1998; Schneider et al., 1997). Similar birthplace effects have been
observed in other developed countries such as Finland (Valkonen, 1987)
and the UK (Shaper & Elford, 1991). The results are suggestive that place
of birth may have long lasting effects on circulatory diseases mortality
regardless of place of residence at time of death. Thus, individual risk of
CVD mortality may be better approached through a combination of the
life course and contextual perspectives of health. Our study differs from
previous ones in a few ways: first, we utilize a new dataset, the National
Longitudinal Mortality Study (NLMS), that include information on both
state of birth and state of residence to longitudinally examine their re-
lationships with CVD mortality. Compared to studies carried out at more
coarse geographies (e.g., census region) (Greenberg & Schneider, 1998;
Mansfield et al., 1999; Schneider et al., 1997; Sorlie et al., 1995), our
study may reveal the relationship between birthplace and CVD mortality
at more granular geographic scales. Second, we estimate the effects of
both state of birth and state of residence on CVD mortality risk at the
individual level. Previous research on place of birth and CVD mortality
in the US has mainly utilized area-based risk measures (e.g., regional
death rates). Although these studies are indicative of the potential ef-
fects of place of birth on later CVD mortality, the results cannot be used
to infer individual risk due to ecological fallacy (Piantadosi et al., 1988).
Third, using multilevel regression modeling, our analytical approach
accounts for the hierarchical nature of individuals nested within places.
Within this structure, we estimate the effects of both state of birth and
state of residence by assigning individuals multiple memberships ac-
cording to their state of birth and state of residence. Specifically, we
address the following questions: (1) between state of birth and resi-
dence, which explain a greater degree of variation in CVD mortality? (2)
which states of birth and residence are associated with higher or lower
CVD mortality risk?

2. Methods

This research utilized data from the public use file' of the National
Longitudinal Mortality Study (NLMS). The NLMS is a nationally repre-
sentative sample of non-institutionalized individuals in the United States
established to examine social, economic, and demographic characteris-
tics of the population (Sorlie et al., 1995). The public use file contains a
subgroup of 11 of the 26 Current Population Survey (CPS) cohorts that
are in the full NLMS. These 11 surveys, collected during the 1980s, were

1 https://www.census.gov/topics/research/nlms.Project_Overview.html.
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combined together and re-weighted so they are representative of the
United States population on April 1, 1983. For the individuals who are
deceased, their records are linked with the National Death Index, the
centralized mortality database (Curb et al., 1985). The third release of
the NLMS public use file began to include state of residence and state of
birth for the respondents for the first time. This allowed for the com-
parison of the importance of both state of birth and state of residence in
predicting mortality risk. The analysis excluded respondents who had
missing information regarding their state of birth, were foreign born, or
were missing survey weights. Not every CPS collected place of birth
information on survey participants. In our data, 96.6% of the records
excluded were due to invalid place of birth information. Overall, the
analytical sample is not a biased subsample of the full NLMS sample. The
mean age (33.5) of those individuals excluded from the sample is similar
to that of those included (31.2). The final analytic sample in total in-
cludes 433,345 individuals born in the United States.

2.1. Outcome measure

CVD Mortality. We used a binary variable to indicate whether or not a
study participant died from CVD (0 = no, 1 = yes) during the 11-year
follow up period. All causes of death were coded according to the In-
ternational Classification of Diseases, ninth version (ICD-9) and diseases
codes 390-459 were used to identify CVD deaths.

2.2. Place measures

State of Birth (SoB). State of birth was constructed from the Place of
Birth (POB) variable in the initial study. The NLMS uses the National
Death Index Geographic Codes for the participant state of birth. These
state codes were then recoded according to the Federal Information
Processing Standard (FIPS). Participants who were born outside of the
contiguous US or had unknown place of birth were excluded.

State of Residence (SoR). State of residence was ascertained with State
Recode (STATER), which was used to indicate the state of residence of
the study participants at the time of their interview. The first digit of
STATER in the NLMS is the Census Bureau division code, and the second
digit is the specific state in each division. STATER was also recoded
according to the state FIPS codes to ensure that both state of birth and
state of residence conform to the same coding system.

2.3. Covariates

Age is a continuous variable, indicating the age of the study partic-
ipants at the date of their interview for the NLMS. The variable is top
coded at 90 years old, meaning that individuals who were any age above
90 were considered at baseline interview to be 90 years old. This co-
variate was used to adjust for the differential risks that come in older age
with mortality from chronic illness such as CVD. Sex was recoded as 0 =
male and 1 = female and was included in the regression models to ac-
count for the disparities in CVD mortality risk between men and women.
Finally, race/ethnicity (non-Hispanic White, non-Hispanic Black, non-
Hispanic Other, and Hispanic) was reconstructed from the original
race and Hispanic origin variables and was used to account for the dif-
ferential CVD mortality risk that exists between racial and ethnic groups.
Participants without valid race or Hispanic origin information were
excluded. Additional controls such as those relating to socioeconomic
status were not included because those variables are conditioned upon
state contexts. Including those variables could lead to the under-
estimating of the state effects on CVD mortality risk.

2.4. Statistical analysis
First, we summarized the descriptive statistics of the NLMS sample

used in our study. The frequency distributions of study participants by
sex race/ethnicity were calculated for the total sample and by mortality
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outcomes. For age, we calculated the mean, median and range of
possible values. Next, a series of multi-level logistic regression models
predicting individual CVD mortality risk were carried out. The first
model included only state of residence random effects and the second
model included only state of birth random effects. The third model
included both state of birth and state of residence random effects in
predicating CVD mortality risk. The fourth to sixth model were esti-
mated in the similar way but all included sex, age and race/ethnicity
covariates, accounting for differential CVD mortality risks associated
with these factors. The fixed effects of demographic variables were
expressed as odds ratios and 95% confidence intervals. State random
effects were expressed as the variance of state-specific intercepts. We
performed the statistical analysis using R (Version 4.0.3) (R Core Team,
2020).

To show the differences in CVD mortality risk by state of birth and
state of residence, we created two maps showing the crude CVD mor-
tality rates based on the two. We also created two figures ranking the
state-specific intercepts on the odds scale from the fully adjusted model
(model 6) to illustrate the heterogeneity in state-specific average CVD
mortality risk, after adjusting for individual level covariates. Further-
more, we calculated the global Moran’s I for SoB-specific intercepts from
the fully adjusted multilevel model to explore whether state of birth
effects on CVD mortality were clustered, dispersed or randomly
distributed across the US states. We ran a Monte Carlo simulation based
on 999 simulations to ensure the statistical stability of results. Following
the global assessment, local Moran’s I was also used to identify the lo-
cations of potential clusters of state of birth effects. When identifying
clusters, neighboring states are defined by queen continuity, that is,
states are considered neighbors if their boundaries share any common
vertices. Global and Local Moran’s Is were calculated using the spdep
package (Bivand & Wong, 2018) in R.

3. Results

Descriptive statistics of the study sample are presented in Table 1.
Among the 433,345 individuals in our sample, approximately 18,292
died from CVD. The average age at the interview of respondents who
later died from CVD was 68.9 years old (SD = 12.6). Among those who
died from CVD, 9561 (52.3%) were male, compared to 8731 (47.7%)
who were female. For the racial breakdown, 16,037 (87.7%) were non-
Hispanic white, whereas 1865 (10.2%) were non-Hispanic Black, and

Table 1
Descriptive statistics of the NLMS sample.
Total (N = Alive (N = Death
433345) 394066) CVD (N = Other causes
18292) (N = 20985)
Sex
Male 208376 187154 9561 11661
(48.1%) (47.5%) (52.3%) (55.6%)
Female 224969 206914 8731 9324 (44.4%)
(51.9%) (52.5%) (47.7%)
Age (years)
Mean (SD) 31.2(21.0) 27.9 (18.4) 68.9 (12.6) 60.7 (17.8)
Median 28.0 [0, 25.0 [0, 70.0 [0, 64.0 [0, 90.0]
[Min, Max] 90.0] 90.0] 90.0]
Race/ethnicity
non- 359816 325973 16037 17806
Hispanic (83.0%) (82.7%) (87.7%) (84.9%)
White
non- 46723 42389 1865 2469 (11.8%)
Hispanic (10.8%) (10.8%) (10.2%)
Black
non- 9386 (2.2%) 8913 (2.3%) 178 (1.0%) 295 (1.4%)
Hispanic
Other
Hispanic 17420 16793 212 (1.2%) 415 (2.0%)
(4.0%) (4.3%)
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the categories of non-Hispanic other and Hispanic made up 178 (1%)
and 212 (1.2%), respectively.

Fig. 1 illustrates the cross-state differences in CVD mortality based on
state of birth and state of residence. For state of birth, the highest crude
CVD mortality rates were in Kentucky (66.7 per 1000 persons), Missouri
(62.8) and Mississippi (61.5) while the lowest rates were in Nevada
(7.9), Arizona (9.3) and California (10.2). For state of residence, the
highest crude CVD mortality rates were in Florida (61.9), Missouri
(57.2) and Kentucky (53.5) while the lowest rates were in Alaska (14.1),
Hawaii (23.3) and Utah (26.1). One can see that differences in crude
CVD mortality rate based on state of birth were greater than those based
on state of residence. The state gaps in CVD mortality rate were 58.8 and
35.8 per 1000 persons for state of birth and state of residence,
respectively.

Results from multilevel logistic regression models are presented in
Table 2. Model 1-3 include only the random effects of state of birth and/
or state of residence in predicting individual CVD mortality risk. In
model 3 which includes both random effects, the variance of state of
birth-specific intercepts (0.34) was almost five time of that of state of
residence-specific intercepts (0.07). It means that a greater proportion of
the variability in individual CVD mortality risk can be explained by state
of birth than state of residence. Adjusting for age, sex and race/ethnicity
fixed effects improved model performance in terms of predicting CVD
mortality but reduced much of the state random effects, as demonstrated
by results from model 4-6. However, model 6 showed that state of birth
still had a larger effect on CVD mortality risk. The variance for state of
birth (0.009) is nearly double that of state of residence (0.005), rein-
forcing the findings in model 3 that state of birth was a stronger pre-
dictor of CVD mortality than state of residence. These findings are
consistent with those of previous work on the relationships between
states of birth and residence and all-cause mortality (Xu et al., 2020). We
further restricted our analytical sample to individuals aged 40 years and
over. Results from the fully adjusted model (not presented) indicated
that the random effects of state of birth continue to be greater than those
of state of residence.

To better illustrate state differences, we rank state-specific intercepts
from model 6 on the odds scale in Fig. 2 to show the deviation of state-
specific average risks of CVD mortality from the national average. One
can see that individuals born in Tennessee, Kentucky and Pennsylvania
had the highest average CVD death risks, whereas those born in Cali-
fornia, North Dakota and Montana had the lowest average risks. For
state of residence, Michigan has the highest likelihood of mortality risk
of CVD, along with several other midwestern states clustered towards
the top. Contrarily, the state of Maryland shows the lowest CVD death
risk. The greater variability in state of birth-specific intercepts also
confirms the stronger effects of state of birth on CVD mortality.

To further explore the geographic patterning of state of birth effects
on CVD mortality, we mapped state of birth intercepts from Model 6 as
shown in Fig. 3(A). The results suggest a West-East division where
Mountain and Western states of birth generally had lower average CVD
mortality risks and those states in the Midwest, South and East had
higher risks. The global Moran’s I was significantly positive (Moran’s I
= 0.48, two-sided p-value < 0.01), suggesting that high and low state of
birth intercepts were spatially clustered. Results from cluster analysis, as
shown in Fig. 3(B), indicate two distinct clusters of state of birth in-
tercepts. The cluster of high average state of birth CVD mortality risk
consists of Kentucky, Tennessee, Virginia, West Virginia, and Pennsyl-
vania while the low-risk cluster includes majority of states in the West
census region.

4. Discussion

Most research regarding differential CVD mortality risk has empha-
sized individual level factors. Research examining effects of contextual
factors on CVD mortality is growing in recent decades; however, they
have mainly employed contemporaneous place-based exposures,
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Fig. 1. Crude cardiovascular disease mortality rates based on (A) state of birth (SoB) and (B) state of residence (SoR).

Table 2
Multilevel logistic regression models predicting the risk of CVD death.
Model 17 Model 2 * Model 3 * Model 4° Model 5 ” Model 6 °
Fixed effects
Age 1.12%** (1.12, 1.12) 1.12%%*% (1.12, 1.12) 1.12%%* (1.12, 1.12)
Sex (ref: Male)
Female 0.57*** (0.55, 0.59) 0.57*** (0.55, 0.59) 0.57*** (0.55, 0.59)
Race/ethnicity (ref: Non-Hispanic white)
Non-Hispanic black 1.23*** (1.16, 1.31) 1.22%** (1.14, 1.30) 1.22%*%* (1.14, 1.30)
Non-Hispanic other 0.98 (0.81, 1.17) 0.98 (0.82,1.19) 0.99 (0.83, 1.20)
Hispanic 0.82*** (0.70, 0.96) 0.86 (0.73, 1.01) 0.85 (0.72, 1.01)
Random effects (variance)
State of Birth 0.23 0.34 0.013 0.009
State of Residence 0.05 0.07 0.010 0.005
Diagnostics
AIC 151111.9 149359.3 148690.0 88705.3 88692.1 88684.3
BIC 151133.9 149381.3 148722.9 88782.1 88768.9 88772.1
LL —75554.0 —74677.7 —74342.0 —44345.6 —44339.0 —44334.2

Note: LL = Log Likelihood; AIC = Akaike information criterion; BIC = Bayesian information criterion.
ap < 0.05, **p < 0.01, ***p < 0.001. Fixed effects are presented in odds ratios.
2 Models 1 to 3 estimated state of birth and state of residence random effects. The first model includes only state of residence, the second state of birth, and the third

both state of birth and residence random effects.

> Models 4 to 6 are estimated in a similar way to the first three models, but include fixed effects of sex, age, and race/ethnicity covariates.
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Fig. 2. Ranking of state-specific intercepts, representing state average CVD mortality risk on the odds scale. Intercepts are from logistic regression models with state
of birth (SoB) and state of residence (SoR) random effects, adjusted for age, sex and race/ethnicity fixed effects.

ignoring the potential far-reaching effects of early life environments.
Building from both the lifecourse and ecosocial theories of health, our
study examines the relationship between early life place (i.e. state of
birth), in addition to place of current residency (i.e. state of residence),
and individual CVD mortality risk. The findings in this paper suggest
several takeaways. First, we further the understanding of differential
CVD mortality by including both state of birth and state of residence
indicators. Regression diagnostics indicate that the models in which
both state of birth and state of residence random effects are included
better predict individual CVD mortality risk, compared to those that
include state of residence alone. This suggests that state of birth may
independently affect individual’s risk of CVD mortality, regardless of
where they currently live.

Second, we find that the random effects of state of birth on individual
CVD mortality risk are greater than those of state of residence. This
difference, although diminished, persists even after accounting for in-
dividual sociodemographic factors in the models. These results imply
that an individual’s place-based exposures during critical develop-
mental periods (i.e., in utero, infant, childhood) may be more important
to their CVD mortality risk at later life than where they currently live.
The state environments people were born into may have long-lasting
and irreversible effects on later CVD mortality risk.

Third, we display the intercepts of state of residence and state of
birth to visualize how the states rank on the odds scale with regard to
their average CVD death risk. Here, we show that regardless of where
they currently live, persons who were born in certain states such as
Kentucky, Mississippi and Tennessee have higher average CVD mortality
risk than those born in other states, even after individual level factors are
accounted for. In contrast, people born in California, Montana and

Washington had the lowest average risk. Our results are consistent with
the “Southern-born effects” found in previous studies where Americans
born in the South were burdened with elevated mortality risk of circu-
latory diseases (including cardiovascular diseases and stroke) (Glymour
at al., 2009; Schneider et al., 1997) and cancer (Greenberg & Schneider,
1995). It is unclear why being born in states such as Kentucky, Mis-
sissippi and Tennessee is associated with higher CVD mortality as the
mechanisms may be multidimensional. However, it has been suggested
that income inequality, education, and racial composition of one’s early
state environment may be associated with later life ischemic heart dis-
ease and hypertension (Rehkopf et al., 2015). Other factors such as
exposure to poverty in early childhood, differential dietary practices,
access to medical care, exposure to environmental hazards, social norms
affecting health behaviors, and social organization of local communities
(Glymour et al., 2009; Greenberg & Schneider, 1995) may be also
contributing to the observed differences. Considering the “southern--
born effects” have been identified for a range of adverse health out-
comes, it is reasonable to think that more structural factors may be
driving the patterns.

This research has some limitations. First, the main geographic unit of
analysis is state. We were unable to examine the heterogeneity of in-
dividuals’ place of birth or residence at different sub-state levels (e.g.,
county, neighborhood). Given the within-state variability of various
environmental factors, two individuals who were born and lived in the
same state at the interview could have different exposures to more
proximate places. While our work indicates elevated CVD mortality risk
associated with being born in specific states/regions in the US, future
research may examine place of birth (and/or residence) at more refined
geographical scales to better pinpoint areas with the strongest birthplace
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Fig. 3. Geographical patterns of state of birth (SoB) effects. (A) Maps of SoB-specific intercepts and (B) significant geographical clusters of states with high or low
SoB-specific intercepts, based on local Moran’s I statistics. We excluded Alaska and Hawaii in the calculation of local Moran’s I because these two states are not

spatial neighbors to other states.

effects. Second, this data utilized in this study does not include infor-
mation on the timing of moving between states among movers and
whether those stayers lived in other states for a substantial period of
time. Therefore, the effects of state of birth on mortality later in life
could have either a greater or lesser impact depending on when the
individual moved, if so, from their state of birth. Incorporating durations
of residency in both state of birth and state of residence will help us
better understand the relative importance of each on later CVD mortality
risk. Third, since we did not include any contextual variables for state of
birth and state of residence (other than their random effects) in our
models, we were unable to investigate the specific mechanisms in which
both state of birth and state of residence may affect CVD mortality risk at
later life as well as the reasons why state of birth may be more salient for
CVD mortality risk compared to state of residence. Characteristics of
state of birth may be directly associated with an individual’s CVD
mortality risk. For example, in utero exposure to environmental hazards
such as air pollution may program poor fetal development and through
various mechanisms induce adverse cardiovascular effects later in life
(Burris & Baccarelli, 2017; Chin, 2015). State of birth may also indi-
rectly affect CVD mortality risk through individual socioeconomic,

behavioral, and psychosocial pathways. Future research, incorporating
more individual and state (of birth and residence) level factors, is
needed to further our understanding of how early life place-based ex-
posures are linked to later CVD mortality.

This research is one of the first to specifically link both state of birth
and state of residence with CVD mortality. The results are indicative of
the significance of early life place-based exposures, in addition to those
in later life, in explaining the variability of individual CVD mortality
risk. We show that the effects of state of birth are greater than those of
state of residence, even after adjusting for individual socio-demographic
factors. Future research should aim to examine whether the effects of
early-life and contemporaneous place-based exposures persist for other
major causes of death and explore whether these effects vary across
population subgroups defined by sex, race and ethnicity. More impor-
tantly, future studies should also investigate the specific mechanisms
through which state of birth, in addition to state of residence, may in-
fluence individual risk of CVD mortality. Evidence-based public health
interventions that address early life place factors may help reduce CVD
mortality at the population level and extend the overall life expectancy
in the US.



W. Xu et al.
Funding

This research was supported by the NIA (RO1AG060109). The au-
thors gratefully acknowledge use of the facilities of the Center for
Demography of Health and Aging at the University of Wisconsin-Madi-
son, funded by NIA Center Grant P30 AG017266. This paper uses data
obtained from the public-use file of the National Longitudinal Mortality
Study. The file is provided to persons interested in research by the U.S.
Census Bureau. The views expressed in this paper are those of the au-
thors and do not necessarily reflect the views of the National Longitu-
dinal Mortality Study, the Bureau of the Census, or the project sponsors:
the National Heart, Lung, and Blood Institute, the National Cancer
Institute, the National Institute on Aging, and the National Center for
Health Statistics.

Contributors

WX and JF conceptualized the study. WX and JF were responsible for
support in data collection activities. WX conducted the statistical anal-
ysis. MT and WX drafted the manuscript. WX, MT and JF contributed to
interpretation of the findings and critically revised the manuscript. All
authors approved the final version of the paper.

Declaration of competing interest
None declared.

References

Appleton, A. A., Buka, S. L., Loucks, E. B., Rimm, E. B., Martin, L. T., & Kubzansky, L. D.
(2013). A prospective study of positive early-life psychosocial factors and favorable
cardiovascular risk in adulthood. Circulation, 127(8), 905-912. https://doi.org/
10.1161/CIRCULATIONAHA.112.115782

Barker, D. J. P. (1991). Maternal and fetal origins of cardiovascular disease. In
F. G. R. Fowkes (Ed.), Epidemiology of peripheral vascular disease (pp. 247-254).
London: Springer. https://doi.org/10.1007/978-1-4471-1889-3 22.

Barker, D. J. P. (1995). Fetal origins of coronary heart disease. BMJ, 311(6998),
171-174. https://doi.org/10.1136/bmj.311.6998.171

Bivand, R. S., & Wong, D. W. S. (2018). Comparing implementations of global and local
indicators of spatial association. Test, 27(3), 716-748. https://doi.org/10.1007/
§11749-018-0599-x

Burris, H. H., & Baccarelli, A. A. (2017). Air pollution and in utero programming of poor
fetal growth. Epigenomics, 9(3), 213-216. https://doi.org/10.2217/epi-2017-0008

Chin, M. T. (2015). Basic mechanisms for adverse cardiovascular events associated with
air pollution. Heart, 101(4), 253-256. https://doi.org/10.1136/heartjnl-2014-
306379

Cross, S. H., Mehra, M. R., Bhatt, D. L., Nasir, K., O’Donnell, C. J., Califf, R. M., &
Warraich, H. J. (2020). Rural-urban differences in cardiovascular mortality in the
US, 1999-2017. Journal of the American Medical Association, 323(18), 1852. https://
doi.org/10.1001/jama.2020.2047

Curb, J. D., Ford, C. E., Pressel, S., Palmier, M., Babcock, C., & Hawkins, M. (1985).
Ascertainment of vital status through the national death index and the social security
administration. American Journal of Epidemiology, 121(5), 754-766. https://doi.org/
10.1093/aje/121.5.754

Ford, M. M., & Highfield, L. D. (2016). Exploring the spatial association between social
deprivation and cardiovascular disease mortality at the neighborhood level. PloS
One, 11(1), Article €0146085. https://doi.org/10.1371/journal.pone.0146085

Glymour, M. M., Kosheleva, A., & Boden-Albala, B. (2009). Birth and adult residence in
the Stroke Belt independently predict stroke mortality. Neurology, 73(22),
1858-1865. https://doi.org/10.1212/WNL.0b013e3181c47cad

Greenberg, M., & Schneider, D. (1995). The cancer burden of southern-born African
Americans: Analysis of social-geographic legacy. The Milbank Quarterly, 73(4),
599-620.

Greenberg, M. R., & Schneider, D. F. (1998). Birth in the South and chronic disease
mortality rates in the late twentieth century United States. Health. An Interdisciplinary
Journal for the Social Study of Health, Illness and Medicine, 2(1), 41-53. https://doi.
org/10.1177/136345939800200103

Huss, A., Spoerri, A., Egger, M., & R60sli, M. (2010). Aircraft noise, air pollution, and
mortality from myocardial infarction. Epidemiology, 21(6), 829-836. https://doi.
org/10.1097/EDE.0b013e3181f4e634

Huxley, R., Owen, C. G., Whincup, P. H., Cook, D. G., Rich-Edwards, J., Smith, G. D., &
Collins, R. (2007). Is birth weight a risk factor for ischemic heart disease in later life?
American Journal of Clinical Nutrition, 85(5), 1244-1250. https://doi.org/10.1093/
ajen/85.5.1244

Krieger, N. (2001). Theories for social epidemiology in the 21st century: An ecosocial
perspective. International Journal of Epidemiology, 30(4), 668-677. https://doi.org/
10.1093/ije/30.4.668

SSM - Population Health 15 (2021) 100875

Kulshreshtha, A., Goyal, A., Dabhadkar, K., Veledar, E., & Vaccarino, V. (2014). Urban-
rural differences in coronary heart disease mortality in the United States: 1999-2009.
Public Health Reports, 129(1), 19-29. https://doi.org/10.1177/
003335491412900105

Lawlor, D. A., Ronalds, G., Clark, H., Davey Smith, G., & Leon, D. A. (2005). 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, 112(10), 1414-1418. https://doi.org/
10.1161/CIRCULATIONAHA.104.528356

LeClere, F. B., Rogers, R. G., & Peters, K. (1998). Neighborhood social context and racial
differences in women'’s heart disease mortality. Journal of Health and Social Behavior,
39(2), 91-107.

Macinko, J., & Elo, I. T. (2009). Black-white differences in avoidable mortality in the
USA, 1980-2005. Journal of Epidemiology & Community Health, 63(9), 715. https://
doi.org/10.1136/jech.2008.081141

Major, J. M., Doubeni, C. A., Freedman, N. D., Park, Y., Lian, M., Hollenbeck, A. R.,
Schatzkin, A., Graubard, B. I., & Sinha, R. (2010). Neighborhood socioeconomic
deprivation and mortality: Nih-aarp diet and health study. PloS One, 5(11), e15538.
https://doi.org/10.1371/journal.pone.0015538

Mansfield, C. J., Wilson, J. L., Kobrinski, E. J., & Mitchell, J. (1999). Premature mortality
in the United States: The roles of geographic area, socioeconomic status, household
type, and availability of medical care. American Journal of Public Health, 89(6),
893-898. https://doi.org/10.2105/AJPH.89.6.893

Martinez, R., Soliz, P., Mujica, O. J., Reveiz, L., Campbell, N. R. C., & Ordunez, P. (2020).
The slowdown in the reduction rate of premature mortality from cardiovascular
diseases puts the Americas at risk of achieving SDG 3.4: A population trend analysis
of 37 countries from 1990 to 2017. Journal of Clinical Hypertension, 22(8),
1296-1309. https://doi.org/10.1111/jch.13922

Mehta, N. K., Abrams, L. R., & Myrskyla, M. (2020). US life expectancy stalls due to
cardiovascular disease, not drug deaths. Proceedings of the National Academy of
Sciences, 117(13), 6998-7000. https://doi.org/10.1073/pnas.1920391117

de Mestral, C., & Stringhini, S. (2017). Socioeconomic status and cardiovascular disease:
An update. Current Cardiology Reports, 19(11), 115. https://doi.org/10.1007/
5s11886-017-0917-z

Miller, M. R., & Newby, D. E. (2020). Air pollution and cardiovascular disease: Car sick.
Cardiovascular Research, 116(2), 279-294. https://doi.org/10.1093/cvr/cvz228

Paneth, N., & Susser, M. (1995). Early origin of coronary heart disease (the “Barker
hypothesis™). BMJ, 310(6977), 411-412. https://doi.org/10.1136/
bmj.310.6977.411

Piantadosi, S., Byar, D. P., & Green, S. B. (1988). The ecological fallacy. American Journal
of Epidemiology, 127(5), 803-904. https://doi.org/10.1093/oxfordjournals.aje.
a114892

Pollitt, R. A., Kaufman, J. S., Rose, K. M., Diez-Roux, A. V., Zeng, D., & Heiss, G. (2007).
Early-life and adult socioeconomic status and inflammatory risk markers in
adulthood. European Journal of Epidemiology, 22(1), 55-66. https://doi.org/
10.1007/510654-006-9082-1

Pope, C. A., Burnett, R. T., Turner, M. C., Cohen, A., Krewski, D., Jerrett, M.,

Gapstur, S. M., & Thun, M. J. (2011). Lung cancer and cardiovascular disease
mortality associated with ambient air pollution and cigarette smoke: Shape of the
exposure-response relationships. Environmental Health Perspectives, 119(11),
1616-1621. https://doi.org/10.1289/ehp.1103639

R Core Team. (2020). R: A language and environment for statistical computing. Vienna,
Austria: R Foundation for Statistical Computing. https://www.r-project.org.

Rajagopalan, S., Al-Kindi, S. G., & Brook, R. D. (2018). Air pollution and cardiovascular
disease. Journal of the American College of Cardiology, 72(17), 2054-2070. https://
doi.org/10.1016/j.jacc.2018.07.099

Ramsay, S. E., Morris, R. W., Whincup, P. H., Subramanian, S. V., Papacosta, A. O.,
Lennon, L. T., & Wannamethee, S. G. (2015). The influence of neighbourhood-level
socioeconomic deprivation on cardiovascular disease mortality in older age:
Longitudinal multilevel analyses from a cohort of older British men. Journal of
Epidemiology & Community Health, 69(12), 1224-1231. https://doi.org/10.1136/
jech-2015-205542

Rehkopf, D. H., Eisen, E. A., Modrek, S., Mokyr Horner, E., Goldstein, B., Costello, S.,
Cantley, L. F., Slade, M. D., & Cullen, M. R. (2015). Early-life state-of-residence
characteristics and later life hypertension, diabetes, and ischemic heart disease.
American Journal of Public Health, 105(8), 1689-1695. https://doi.org/10.2105/
AJPH.2014.302547

Risnes, K. R., Vatten, L. J., Baker, J. L., Jameson, K., Sovio, U., Kajantie, E., Osler, M.,
Morley, R., Jokela, M., Painter, R. C., Sundh, V., Jacobsen, G. W., Eriksson, J. G.,
Sgrensen, T. I. A., & Bracken, M. B. (2011). Birthweight and mortality in adulthood:
A systematic review and meta-analysis. International Journal of Epidemiology, 40(3),
647-661. https://doi.org/10.1093/ije/dyq267

Roth, G. A., Johnson, C. O., Abate, K. H., Abd-Allah, F., Ahmed, M., Alam, K., Alam, T.,
Alvis-Guzman, N., Ansari, H., Arnlov, J., Atey, T. M., Awasthi, A., Awoke, T.,
Barac, A., Barnighausen, T., Bedi, N., Bennett, D., Bensenor, 1., Biadgilign, S., ...
Murray, C. J. L. (2018). The burden of cardiovascular diseases among us states,
1990-2016. JAMA Cardiology, 3(5), 375. https://doi.org/10.1001/
jamacardio.2018.0385

Sanchez-Santos, M. T., Mesa-Frias, M., Choi, M., Niiesch, E., Asunsolo-Del Barco, A.,
Amuzu, A., Smith, G. D., Ebrahim, S., Prieto-Merino, D., & Casas, J. P. (2013). Area-
level deprivation and overall and cause-specific mortality: 12 years’ observation on
british women and systematic review of prospective studies. PloS One, 8(9), Article
€72656. https://doi.org/10.1371/journal.pone.0072656

Schneider, D., Greenberg, M. R., & Lu, L. L. (1997). Region of birth and mortality from
circulatory diseases among black Americans. American Journal of Public Health, 87
(5), 800-804. https://doi.org/10.2105/AJPH.87.5.800


https://doi.org/10.1161/CIRCULATIONAHA.112.115782
https://doi.org/10.1161/CIRCULATIONAHA.112.115782
https://doi.org/10.1007/978-1-4471-1889-3_22
https://doi.org/10.1136/bmj.311.6998.171
https://doi.org/10.1007/s11749-018-0599-x
https://doi.org/10.1007/s11749-018-0599-x
https://doi.org/10.2217/epi-2017-0008
https://doi.org/10.1136/heartjnl-2014-306379
https://doi.org/10.1136/heartjnl-2014-306379
https://doi.org/10.1001/jama.2020.2047
https://doi.org/10.1001/jama.2020.2047
https://doi.org/10.1093/aje/121.5.754
https://doi.org/10.1093/aje/121.5.754
https://doi.org/10.1371/journal.pone.0146085
https://doi.org/10.1212/WNL.0b013e3181c47cad
http://refhub.elsevier.com/S2352-8273(21)00150-6/sref11
http://refhub.elsevier.com/S2352-8273(21)00150-6/sref11
http://refhub.elsevier.com/S2352-8273(21)00150-6/sref11
https://doi.org/10.1177/136345939800200103
https://doi.org/10.1177/136345939800200103
https://doi.org/10.1097/EDE.0b013e3181f4e634
https://doi.org/10.1097/EDE.0b013e3181f4e634
https://doi.org/10.1093/ajcn/85.5.1244
https://doi.org/10.1093/ajcn/85.5.1244
https://doi.org/10.1093/ije/30.4.668
https://doi.org/10.1093/ije/30.4.668
https://doi.org/10.1177/003335491412900105
https://doi.org/10.1177/003335491412900105
https://doi.org/10.1161/CIRCULATIONAHA.104.528356
https://doi.org/10.1161/CIRCULATIONAHA.104.528356
http://refhub.elsevier.com/S2352-8273(21)00150-6/sref18
http://refhub.elsevier.com/S2352-8273(21)00150-6/sref18
http://refhub.elsevier.com/S2352-8273(21)00150-6/sref18
https://doi.org/10.1136/jech.2008.081141
https://doi.org/10.1136/jech.2008.081141
https://doi.org/10.1371/journal.pone.0015538
https://doi.org/10.2105/AJPH.89.6.893
https://doi.org/10.1111/jch.13922
https://doi.org/10.1073/pnas.1920391117
https://doi.org/10.1007/s11886-017-0917-z
https://doi.org/10.1007/s11886-017-0917-z
https://doi.org/10.1093/cvr/cvz228
https://doi.org/10.1136/bmj.310.6977.411
https://doi.org/10.1136/bmj.310.6977.411
https://doi.org/10.1093/oxfordjournals.aje.a114892
https://doi.org/10.1093/oxfordjournals.aje.a114892
https://doi.org/10.1007/s10654-006-9082-1
https://doi.org/10.1007/s10654-006-9082-1
https://doi.org/10.1289/ehp.1103639
https://www.r-project.org
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1016/j.jacc.2018.07.099
https://doi.org/10.1136/jech-2015-205542
https://doi.org/10.1136/jech-2015-205542
https://doi.org/10.2105/AJPH.2014.302547
https://doi.org/10.2105/AJPH.2014.302547
https://doi.org/10.1093/ije/dyq267
https://doi.org/10.1001/jamacardio.2018.0385
https://doi.org/10.1001/jamacardio.2018.0385
https://doi.org/10.1371/journal.pone.0072656
https://doi.org/10.2105/AJPH.87.5.800

W. Xu et al.

Shaper, A. G., & Elford, J. (1991). Place of birth and adult cardiovascular disease: The
british regional heart study. Acta Paediatrica, 80(s373), 73-81. https://doi.org/
10.1111/§.1651-2227.1991.tb18154.x

Smith, G. D., Hart, C., Watt, G., Hole, D., & Hawthorne, V. (1998). Individual social class,
area-based deprivation, cardiovascular disease risk factors, and mortality: The
Renfrew and Paisley Study. Journal of Epidemiology & Community Health, 52(6),
399-405. https://doi.org/10.1136/jech.52.6.399

Sorlie, P. D., Backlund, E., & Keller, J. B. (1995). US mortality by economic,
demographic, and social characteristics: The National Longitudinal Mortality Study.
American Journal of Public Health, 85(7), 949-956. https://doi.org/10.2105/
ajph.85.7.949

Tamura, K., Langerman, S. D., Ceasar, J. N., Andrews, M. R., Agrawal, M., & Powell-
Wiley, T. M. (2019). Neighborhood social environment and cardiovascular disease

SSM - Population Health 15 (2021) 100875

risk. Current Cardiovascular Risk Reports, 13(4), 7. https://doi.org/10.1007/s12170-
019-0601-5

Valkonen, T. (1987). Male mortality from ischaemic heart disease in Finland: Relation to
region of birth and region of residence. European Journal of Population, 3(1), 61-83.
https://doi.org/10.1007/BF01797092

Wilmot, K. A., O’Flaherty, M., Capewell, S., Ford, E. S., & Vaccarino, V. (2015). Coronary
heart disease mortality declines in the united Sates from 1979 through 2011:
Evidence for stagnation in young adults, especially women. Circulation, 132(11),
997-1002. https://doi.org/10.1161/CIRCULATIONAHA.115.015293

Xu, W., Engelman, M., Palloni, A., & Fletcher, J. (2020). Where and when: Sharpening
the lens on geographic disparities in mortality. SSM - Population Health, 12, 100680.
https://doi.org/10.1016/j.ssmph.2020.100680


https://doi.org/10.1111/j.1651-2227.1991.tb18154.x
https://doi.org/10.1111/j.1651-2227.1991.tb18154.x
https://doi.org/10.1136/jech.52.6.399
https://doi.org/10.2105/ajph.85.7.949
https://doi.org/10.2105/ajph.85.7.949
https://doi.org/10.1007/s12170-019-0601-5
https://doi.org/10.1007/s12170-019-0601-5
https://doi.org/10.1007/BF01797092
https://doi.org/10.1161/CIRCULATIONAHA.115.015293
https://doi.org/10.1016/j.ssmph.2020.100680

	State of birth and cardiovascular disease mortality: Multilevel analyses of the National Longitudinal Mortality Study
	1 Introduction
	2 Methods
	2.1 Outcome measure
	2.2 Place measures
	2.3 Covariates
	2.4 Statistical analysis

	3 Results
	4 Discussion
	Funding
	Contributors
	Declaration of competing interest
	References


