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ABSTRACT

Objective: To determine if preterm birth, defined as gestational age <37 weeks, is lower
for women living in counties with higher well-being, after accounting for known individual
risk factors.

Design: Cross-sectional study of all United States births in 2011.

Participants: We obtained birth data from the National Center for Health Statistics
which included 3,938,985 individuals.

Main outcomes measures: Primary outcome measure was maternal risk of preterm
delivery by county; primary independent variable was county-level well-being as
measured by the Gallup-Sharecare Well-Being Index.

Results: Women living in counties with higher population well-being had a lower rate of
preterm delivery. The rate of preterm birth in counties in the lowest WBI quintile was
13.1%, while the rate of preterm birth in counties in the highest WBI quintile was 10.9%.
In the model adjusted for maternal risk factors (age, race, Hispanic ethnicity, smoking
status, timing of initiation of prenatal visits, multiparity, maternal insurance payer), the
association was slightly attenuated with an absolute difference of 1.9% (95% CI 1.7% -
2.1%; P<0.001).

Conclusions: Pregnant women who live in areas with higher population well-being

have lower risk of preterm birth, even after accounting for individual risk factors.
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STRENGTHS AND LIMITATIONS OF THE STUDY

In this national study, we utilized two large, unique datasets, including the Gallup-
Sharecare Well-being Index and all data on live births in the U.S. in 2011 from the
National Center for Health Statistics.

With these data, the study addressed the gap in that no study has yet examined
whether the average well-being of the population in which a woman lives relates to
her risk of preterm delivery.

We summarized rates of preterm birth by quintile of county well-being, and tested for
associations between population well-being and gestational age using hierarchical
generalized linear models that adjusted for individual maternal risk factors.

As a cross-sectional study, it cannot assess causation, yet determining whether a
relationship exists between population well-being and risk of preterm birth is an
essential first step.

Without an assessment of the well-being of the individual pregnant women, the study
cannot determine how population well-being may moderate the effect of women’s
own well-being or other related individual factors on their risk of preterm delivery.
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INTRODUCTION

Despite considerable efforts, preterm birth remains a substantial public health problem
in the United States.(1-3) With one in ten babies born at less than 37 weeks gestation,
preterm birth is the greatest contributor to infant mortality and a leading cause of long-
term neurological disabilities in children, resulting in considerable mortality, morbidity,
and long-term costs in the US.(4-6) Research has demonstrated that while individual
factors such as maternal age and smoking status influence a pregnant woman’s risk of
preterm delivery,(3) community environment has additional influence.(7-9) Specific
features of where a pregnant woman lives, including neighborhood poverty, local
access to healthy foods, and environmental exposures, influence her risk of preterm

delivery.(21-24)

While knowing specific community features that are associated with preterm birth risk is
helpful, community features do not exist in isolation; rather, community features exist in
combination with each other and individuals that live within the community interact
uniquely with them. As such, the broader, multi-dimensional context of the physical,
mental, and social health of a geographic community within which a pregnant woman
lives may constitute a more complete and accurate conceptualization of the
environment that influences her risk of preterm delivery. Population well-being is a

comprehensive construct that captures these contextual factors (10, 11).

Higher population well-being has inherent positive value, and has been associated with

other desirable health outcomes, such as greater life expectancy.(12) If also associated
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equivalent) and births were linked to the mother’s county of residence. We summarized
rates of preterm birth by quintile of county well-being, and tested for associations
between population well-being and gestational age using hierarchical generalized linear

models that adjusted for maternal risk factors.

Birth Data

Birth data were obtained from the National Center for Health Statistics (NCHS).(13) The
NCHS aggregates and standardizes data on births collected from all 50 states and the
District of Columbia. We used restricted geocoded special use files from NCHS; these
include maternal risk factors, maternal county of residence, and gestational age
(categorized as <20 weeks, 20-27, 28-31,32-33,34-36,37-38,39,40, 41, and 42 or
more). This dataset include geocoding at the county level, using the Federal Information

Processing System (FIPS) code.(15)

Study Sample
We included all live births during 2011 where the mother’s county of residence was not
missing, and for which there were WBI survey responses available from that county. We

excluded births with missing gestational age.

Outcome

Our primary outcome was preterm delivery, defined as gestational age <37 weeks.(16)
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Population Well-being Data

Our primary independent variable was population well-being. Data on population well-
being were obtained from the Gallup-Sharecare Well-being Index (WBI) survey for
2011.(14) The survey comprised 55 self-reported items organized into 6 domains: life
evaluation; emotional health; physical health; healthy behaviors; basic access and work
environment.(17) The Life Evaluation Index measures life satisfaction and optimism
about the future. The Emotional Health Index measures daily emotions and the
presence or absence of depression. The Physical Health Index assesses the burden of
chronic disease and recent illness. The Healthy Behaviors Index assesses the
prevalence of smoking, exercising, and eating fruit and vegetables. The Basic Access
Index includes perception of safety and access to housing and health care. The Work
Environment Index assesses job satisfaction, trust and respect in the workplace and,
unlike the other domains, it is collected only from the subset of respondents who report
being employed. Each domain is represented by an index, measured on a scale of 0 to
100. A composite score, the Well-Being Index (WBI), was calculated as the unweighted
mean of the 6 domain scores, and is reported on a scale of 0-100. Gallup surveyed a
unique sample of nearly 1000 individuals 18 years and older every day for
approximately 350 days during 2011. A structured sampling design was used with
respondents surveyed from all 50 states and the District of Columbia. The survey was
administered in both English and Spanish, using both land lines and cell phones. We
aggregated individual WBI responses into county scores based the maternal county of

residence. For our primary analyses, we used quintiles of county WBI scores as our
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independent variable; in secondary analyses, we used county-level quintiles for each of

the individual domain scores.

Other Independent Variables

From the NCHS birth dataset we included the following known maternal risk factors for
preterm delivery: age (categorized as <=19, 20-24, 25-29, 30-34, 35-39, 40+); race
(White, Black, Asian, American Indian/Alaska Native); Hispanic ethnicity; smoking
status; start of prenatal visits (1st trimester, 2nd trimester, 3rd trimester, none, not
known); and multiparity (single birth versus multiple). We also included infant sex, and,
as a marker of socioeconomic status, we included the maternal insurance payer

(Medicaid, private, self, other, unknown).

Statistical Analysis

We summarized the outcome and all maternal risk factors by quintile of population WBI,
reporting frequency and percent of births in each category. To assess the association
between population well-being and preterm birth, we estimated two hierarchical linear
models. These models included random effects for county, and were specified using a
linear response; such linear probability models are appropriate when the outcome rate
is not close to 0 or 1, and the predicted values from the model are also between 0 and
1. The first “unadjusted” model included only county quintile of population well-being.
The second adjusted for maternal age, race, ethnicity, smoking status, trimester during
which prenatal care was initiated, single or multiple birth, and insurance payer. For both

we calculated the Wald P-value for the overall effect of WBI and a separator test for
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trend across WBI quintiles. In secondary analyses we replicated the main analyses

using each of the 6 subdomain scores of the well-being index.

We also estimated a reference model which included no independent variables, and
used the county level variance from this model to calculate the variance explained at the
2

county level for each of the models described above, using R? = ( 1 - t*?)/1?, where t**

is the county level variance for the model with independent variables.(18)

Missing data

In 2011, fifteen states did not collect information on prenatal visits or payer (AK, AL, AR,
AZ, CT, HI, MA, ME, MN, MS, NJ, RI, VA, WV). We did not impute missing data due to
nonrandom missingness and likely confounding with the outcome. These missing
variables were instead coded as unknown; in sensitivity analyses we omitted these

states.

All analyses were performed using Stata 14.2 (2016 StataCorp, College Station, TX).

The Yale University Institutional Review Board approved this study.

RESULTS
We used data from 3,938,985 births across 2,989 counties. The mean (SD) county-level
preterm birth rate was 11.7% (2.2%) preterm births. Table 1 shows numbers and

percentages of children born before and after 37 weeks’ gestation, maternal
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characteristics, and infant sex by quintile of average well-being of the maternal county

of residence.

In the unadjusted model, pregnant women living in counties with higher population well-
being had a significantly lower risk of preterm birth. This finding was consistent across
all WBI quintiles with an absolute difference between the percentage of preterm births in
the highest well-being quintile (10.9%) and the lowest well-being quintile (13.1%) of
2.2% (95% ClI: [1.8%,2.6%]; p<0.001) (Table 2). After adjusting for maternal risk factors
for preterm birth, the trend remained consistent across the quintiles; the absolute
difference between the highest and lowest quintiles was attenuated to 1.9% (95% CI:

[1.7%, 2.1%]; P<0.001). In sensitivity analyses, results were similar.

In secondary analyses, independent associations between quintiles of each well-being
domain and preterm birth are reported in Table 3. Similar to the composite WBI score,
all domain scores were significantly associated with maternal risk of preterm birth, in the
unadjusted model and the model adjusting for individual maternal risk factors. Different
domains, however, explained different amounts of variance of well-being, with the basic
access index explaining 14.6% of the county variance. After adjusting for maternal risk
factors, women in counties with the highest basic access score experienced an absolute
difference in preterm birth rates of 2.4% (95%CI: [2.2%,2.6%]; p<0.001) when
compared with women in counties with the lowest basic access score. Similarly, the
average physical health score of the county within which a pregnant woman resided

was associated with lower rates of preterm birth, in both unadjusted and adjusted

10
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 27

yBuAdod Aq parosrold 1sanb Ag 20z ‘8T |Udy uo jwod fwg uadolway/:dny woly papeojumod '6T0Z A8 T UO £ T20-8T0Z-uadolwg/9eTT 0T se paysiignd isiy :usdo NG


http://bmjopen.bmj.com/

Page 11 of 27

oNOYTULT D WN =

BMJ Open

models (absolute difference in preterm birth rate: 1.9%, 95%CI: [1.7%, 2.1%]; p<0.001).
In the models adjusted for maternal risk factors, healthy behaviors (1.5%, 95%CI:

[1.3%, 1.7%]; p<0.001), emotional health (1.0%, 95%CI: [0.6%, 1.4%]; p<0.001), and
life evaluation (1.1%, 95%CI: [0.9%, 1.3%]; p<0.001) of the county population negatively

correlated with risk of preterm birth.

DISCUSSION

In this study of all births in the United States in 2011, we found that pregnant women
who lived in counties with higher average well-being had significantly lower risk of
preterm birth. After accounting for known maternal risk factors, including age, race,
ethnicity, smoking status, timing of initiation of prenatal care, multiparity, and payer type,
the absolute difference in maternal risk for preterm delivery between the highest well-
being counties and the lowest well-being counties was 1.9%. Reducing preterm birth
rates by this absolute amount would result in substantial maternal and infant benefits: if
the lowest well-being counties experienced this reduced rate, they would have had
3,077 fewer preterm births in 2011 alone, yielding an estimated financial savings of
nearly $160 million (19), in addition to fewer long-term consequences of preterm birth
such as infant mortality and long-term neurological disabilities. Additional reductions in
preterm birth risk in counties from the middle well-being quintiles, which contributed

greater total numbers of births in 2011, would only augment these benefits.

Decades of research have delineated a variety of maternal-level risk factors for preterm

delivery, including maternal age, smoking status, history of preterm delivery, and

11
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socioeconomic status (SES) (2, 3, 20), while recent studies of environmental factors
suggest that features of where a pregnant woman lives, including neighborhood
poverty, local access to healthy foods, and environmental exposures, additionally
influence her risk of preterm delivery (21-24). Our study extends the existing literature
by leveraging unique large national data sources to assess how a comprehensive,
multi-dimensional measure of population well-being and its various domains relate to
individual preterm birth risk across the United States. In completing this study, we found
that pregnant women were at lower risk of preterm delivery when living in higher well-
being populations than when living in lower well-being populations, even when we
accounted for maternal risk factors that are highly correlated with SES , such as
insurance payer, age at time of delivery, smoking status, and timing of first prenatal visit
(25, 26). This finding adds to the growing literature describing the complex interactions
between individuals and their local environment, including natural, built, and social

environments, and their combined effects on health outcomes.

Living in a higher well-being population may result in lower risk of preterm delivery for a
myriad of reasons, including reasons related to the social environment. Pregnant
women who live in higher well-being populations may experience less toxic stress,
greater access to social resources, higher levels of trust and tolerance, and/or a greater
perception of safety.(11) Prior research has shown that exposure to toxic stress
increases the risk of preterm delivery,(30-33) while stronger social support, lesser social
isolation, and greater social connectedness are associated with lower risk of preterm

delivery, perhaps by reducing the allostatic load or chronic stress experienced by

12
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pregnant women.(34-37) Additionally, while experiences of perceived discrimination are
associated with increased risk of preterm delivery, experiences of trust and tolerance as
well as a greater perception of safety may foster healthier pregnancies and term

deliveries.(38-39)

According to our results, pregnant women with the same individual maternal risk profile,
including factors associated with SES, experience lower risk of preterm delivery when
living in higher well-being populations than when living in lower well-being populations.
This finding is consistent with emerging epigenetics (23, 27, 28) and maternal
weathering (24, 29) literature. Maternal weathering is a potential explanatory model for
well-described race-based disparities in preterm birth risk that attributes increased risk
of preterm delivery in certain populations of women to “accelerated aging” from greater
exposure to hardship. This model suggests that living in better neighborhoods might
attenuate the increased risk associated with these weathering effects.(29) It is possible
that the observed risk contributed by weathering and the risk mitigated by living in
higher well-being populations are actually related to underlying exposure to toxic stress
and buffering from factors such as trust, tolerance, social support, and perceived safety,

as described above.

Our study also builds on prior literature that found links between living in areas of
greater poverty and preterm birth risk. In the domain analyses, the basic access domain
demonstrated the strongest relationship with maternal risk of preterm delivery, even

after adjusting for individual maternal risk factors, including insurance provider and

13
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smoking, and explained nearly 15% of county-level variance in preterm birth rates. The
basic access index domain includes items that assess perceived access to healthcare,
clean water, fresh produce, and safe public space as well as ability to afford basic
needs such as food and shelter. This finding affirms prior literature reporting that access
to basic needs is strongly correlated with health outcomes. Importantly, however, all
domains contributed independently to the inverse association between population well-
being and maternal risk of preterm delivery. In particular, average county-level physical
health, healthy behaviors, and emotional health scores were inversely associated with

maternal risk of preterm delivery.

The results of our study have several potential policy implications. Our findings suggest
that effective investments in well-being may not only improve overall health and quality
of life for populations, but also result in reduced rates of preterm birth for pregnant
women living in those populations, an idea worth pursuing. Our domain analyses
suggest that improving aggregate basic access in particular could plausibly result in not
only greater well-being but also fewer preterm births, though targeting other domains,
such as physical health, healthy behaviors, and emotional health, may also yield
additional valuable results. Importantly, the effectiveness of various interventions will
most likely depend on the contexts within which they are implemented. Currently, efforts
are underway across the globe to track and improve population well-being through
programmatic and policy-based interventions.(40-43) While some interventions involve
multi-sector, community-based programs, many of which are government supported,

other interventions involve changes in economic and social policies, such as those

14
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 27

yBuAdod Aq parosrold 1sanb Ag 20z ‘8T |Udy uo jwod fwg uadolway/:dny woly papeojumod '6T0Z A8 T UO £ T20-8T0Z-uadolwg/9eTT 0T se paysiignd isiy :usdo NG


http://bmjopen.bmj.com/

Page 15 of 27

oNOYTULT D WN =

BMJ Open

aimed at affordable housing, employment, and access to public spaces for physical
fitness or social connection.(11, 44-45) Given the relationship between population well-
being and preterm birth risk, examining how programs and policies influence not only
well-being but also preterm birth could be informative and allow for spread of

interventions that effectively increase well-being and reduce preterm birth.

Our study has limitations. First, as a cross-sectional study, it cannot assess causation.
However, determining whether a relationship exists between population well-being and
risk of preterm birth is an essential first step. Second, this study specifically examines
how the average well-being of the adult population within which a pregnant woman lives
correlates with her risk of preterm delivery. Because we do not have an assessment of
the well-being of the individual pregnant women, we cannot determine how population
well-being may moderate the effect of women’s own well-being or other related
individual factors on their risk of preterm delivery. Nevertheless, the results of this
nationwide study of nearly 4 million births demonstrates a clear association between the
well-being context within which women live and the risk of preterm delivery. Finally,
geographically smaller units (e.g., neighborhood or city) for population well-being may
be more relevant to describing the community context for an individual pregnant
woman. Nevertheless, the county is a relevant geographic unit in that policies and

programs are often enacted at the county level.

Pregnant women who live in populations with higher well-being have lower risk of
preterm delivery, even after accounting for known individual maternal risk factors. The

well-being of a population is an important end itself, but if causal pathways exist
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between population well-being and other valued outcomes, investments in population
well-being may vyield other benefits, potentially including fewer preterm births.
Understanding the full effects of population well-being can inform the emerging dialogue

about its value as a health investment.

Contributors: CR and BR participated in the initial conception of this study. JH
performed all analyses. All authors (CR, BR, JH, ES, MS, AA, KK, ER, and HK)
contributed to the study design, interpretation of data, drafting and revising the article,

and its final approval. All authors are guarantors.

Acknowledgements: We would like to thank Brent Hamar, Ashlin Jones, Larissa
Loufman, and Allison Parsons for their valuable contributions to the final revision of this

manuscript.

Funding: This study was supported in part by the Robert Wood Johnson Foundation

Clinical Scholars Program.

Competing Interests: All authors have completed the ICMJE uniform disclosure form
at www.icmje.org/coi_disclosure.pdf and declare the following competing interests:
partial support from the Agency for Healthcare Research and Quality (BR and ES) and
the Robert Wood Johnson Foundation (CR, BR, and AA) and the Veterans
Administration (BR) for the submitted work; CR and BR receive funding from the

Institute for Healthcare Improvement to support their effort in developing and

16
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 27

yBuAdod Aq parosrold 1sanb Ag 20z ‘8T |Udy uo jwod fwg uadolway/:dny woly papeojumod '6T0Z A8 T UO £ T20-8T0Z-uadolwg/9eTT 0T se paysiignd isiy :usdo NG


http://bmjopen.bmj.com/

Page 17 of 27

oNOYULT D WN =

BMJ Open

implementing the measurement framework for the 100 Million Healthier Lives initiative;
AA is partially supported by the Yale Center for Clinical Investigation through Clinical
and Translational Science Award; ER and KK are current or former employees and
shareholders of the Healthways corporation (acquired by Sharecare), the company that
developed the measure of well-being used in this article; ES, JH, and HK also report
receiving support from the Centers for Medicare and Medicaid Services; Dr. Krumholz is
a recipient of research agreements from Medtronic and Johnson & Johnson (Janssen),
through Yale, to develop methods of clinical trial data sharing; is the recipient of a grant
from Medtronic and the Food and Drug Administration, through Yale, to develop
methods for postmarket surveillance of medical devices; works under contract with the
Centers for Medicare & Medicaid Services to develop and maintain performance
measures; chairs a cardiac scientific advisory board for UnitedHealth; is a
participant/participant representative of the IBM Watson Health Life Sciences Board; is
a member of the Advisory Board for Element Science and the Physician Advisory Board

for Aetna; and is the founder of Hugo, a personal health information platform.

Data Sharing: If the paper is accepted for publication, we will post a de-identified data
set with county resident well-being data from Gallup-Sharecare on ICSPR Open, a
publicly available site. Birth data are available with permission from the National Center

for Health Statistics (http://www.cdc.gov/nchs/).

Ethics Approval: This study was approved by the Yale University Institutional Review

Board.

17
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

YBuAdod Aq parosrold 1sanb Ag 20z ‘8T |Udy uo jwod fwg uadolway/:dny woly papeojumod '6T0Z A8 T UO £ T20-8T02Z-uadolwg/9eTT 0T Se paysiignd isiy :usdo NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Patient and Public Involvement: No patients were involved in this study.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

18

Page 18 of 27

yBLAdoo Aq paroalold 1senb Aq +20z ‘8T [udy uo jwoo g uadolway//:dny wouy papeojumod "6T0Z AN T UO £HTH20-8T0Z-Uadolwag/ogTT 0T St paysiiand 1s1y :uado cNg


http://bmjopen.bmj.com/

Page 19 of 27

oNOYTULT D WN =

BMJ Open

REFERENCES

1. March of Dimes Premature Birth Report Card. Available at:
http://wwwmarchofdimesorg/mission/prematurity-reportcardaspx. Accessed January 24, 2017.

2. Muglia LJ, Katz M. The enigma of spontaneous preterm birth. N Engl J Med.
2010;362(6):529-35.

3. Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology and causes of preterm birth.
The Lancet. 2008;371(9606):75-84.

4, CDC. Preterm Birth. Available at:
http://wwwcdcgov/reproductivehealth/maternalinfanthealth/pretermbirthhtm.

5. Liu L, Oza S, Hogan D, Perin J, Rudan |, Lawn JE, et al. Global, regional, and national
causes of child mortality in 2000-13, with projections to inform post-2015 priorities: an updated
systematic analysis. The Lancet. 2015;385(9966):430-40.

6. Petrou S, Mehta Z, Hockley C, Cook-Mozaffari P, Henderson J, Goldacre M. The impact of
preterm birth on hospital inpatient admissions and costs during the first 5 years of life. Pediatrics.
2003;112(6):1290-7.

7. Howard DL, Marshall SS, Kaufman JS, Savitz DA. Variations in low birth weight and preterm
delivery among blacks in relation to ancestry and nativity: New York City, 1998-2002. Pediatrics.
2006;118(5):e1399-e405.

8. David R, Collins Jr J. Disparities in infant mortality: What’s genetics got to do with it? Am J
Public Health. 2007;97(7):1191-7.
9. Staneva A, Bogossian F, Pritchard M, Wittkowski A. The effects of maternal depression,

anxiety, and perceived stress during pregnancy on preterm birth: a systematic review. Women and
Birth. 2015;28(3):179-93.

10. World Health Organization. The Ottawa Charter for Health Promotion: First International
Conference on Health Promotion, Ottawa, 21 November 1986. Available

at: http://www.who.int/healthpromotion/conferences/previous/ottawa/en. Accessed January 24, 2017.
11. Prilleltensky I. Promoting well-being: Time for a paradigm shift in health and human services.
Scand J Public Health. 2005;33(66 suppl):53-60.

12. Arora A, Spatz E, Herrin J, Riley C, Roy B, Kell K, et al. Population Well-Being Measures
Help Explain Geographic Disparities In Life Expectancy At The County Level. Health Affairs.
2016;35(11):2075-82.

13. Centers for Disease Control and Prevention. National Center for Health Statistics Web site.
Available at http://www.cdc.gov/nchs/. Accessed January 24, 2017.
14. Gallup-Sharecare. Gallup-Healthways Well-being Index: methodology report for indexes

[Internet]. Washington (DC): Gallup; c 2009 [cited 2016 September 29]. Available at
http://www.gallup.com/poll/195539/gallup-healthwaysindex-methodology-report-indexes.aspx.

15. Standard DE. Federal information processing standards publication 46. National Bureau of
Standards, US Department of Commerce. 1977 Jan 15.

16. Tucker J, McGuire W. Epidemiology of preterm birth. BMJ. 2004;329(7467):675-8.

17. Diener E. Guidelines for national indicators of subjective well-being and ill-being. Appl Res
Qual Life. 2006;1(2):151-7.

18. Kreft IG, Kreft |, de Leeuw J. Introducing multilevel modeling: Sage; 1998.

19. Institute of Medicine. Preterm birth: causes, consequences, and prevention. July 2006.
Available at http://nationalacademies.org/hmd/~/media/Files/Report%20Files/2006/Preterm-Birth-
Causes-Consequences-and-Prevention/Preterm%20Birth%202006%20Report%20Brief.pdf

20. Shah NR, Bracken MB. A systematic review and meta-analysis of prospective studies on the
association between maternal cigarette smoking and preterm delivery. Am J Obstet Gynecol.
2000;182(2):465-72.

21. Ncube CN, Enquobahrie DA, Albert SM, Herrick AL, Burke JG. Association of neighborhood
context with offspring risk of preterm birth and low birthweight: A systematic review and meta-
analysis of population-based studies. Soc Sci Med. 2016;153:156-64.

22. Brumberg H, Shah S. Born early and born poor: an eco-bio-developmental model for poverty
and preterm birth. J Neonatal Perinatal Med. 2015;8(3):179-87.

19
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"ybuAdoa Aq parosloid 1senb Aq 20z ‘8T |udy uo /wod (g uadolwa//:dny woiy papeojumoqd ‘6T0Z AN T U0 ¥ TH20-8T0Z-uadolwa/9eTT 0T Se paysiignd isiy :uado rING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

23. Burris HH, Baccarelli AA, Wright RO, Wright RJ. Epigenetics, linking social and
environmental exposures to preterm birth. Pediatr Res. 2016 Jan; 79(0): 136—140. Published online
2015 Oct 13. doi: 10.1038/pr.2015.191.

24. Love C, David RJ, Rankin KM, Collins JW. Exploring weathering: effects of lifelong economic
environment and maternal age on low birth weight, small for gestational age, and preterm birth in
African-American and white women. Am J Epidemiol. 2010 Jul 15;172(2):127-34. OR doi:
10.1093/aje/kwq109.

25. Schempf AH, Branum AM, Lukacs SL, Schoendorf KC. Maternal age and parity-associated
risks of preterm birth: differences by race/ethnicity. Paediatr Perinat Epidemiol. 2007;21(1):34-43.
26. Cokkinides V, Bandi P, McMahon C, Jemal A, Glynn T, Ward E. Tobacco control in the
United States—recent progress and opportunities. CA: Cancer J Clin. 2009;59(6):352-65.

27. Knight AK, Smith AK. Epigenetic biomarkers of preterm birth and its risk factors. Genes.
2016;7(4):15.

28. Parets SE, Bedient CE, Menon R, Smith AK. Preterm birth and its long-term effects:
methylation to mechanisms. Biology. 2014;3(3):498-513.

29. Holzman C, Eyster J, Kleyn M, Messer LC, Kaufman JS, Laraia BA, et al. Maternal
weathering and risk of preterm delivery. Am J Public Health. 2009;99(10):1864-71.

30. Rubin LP. Maternal and pediatric health and disease: integrating biopsychosocial models
and epigenetics. Pediatr Res. 2016 Jan;79(1-2):127-35. doi: 10.1038/pr.2015.203. Epub 2015 Oct
20.

31. Premji S. Perinatal distress in women in low-and middle-income countries: allostatic load as
a framework to examine the effect of perinatal distress on preterm birth and infant health. Matern
Child Health J. 2014;18(10):2393-407.

32. Nkansah-Amankra S, Luchok KJ, Hussey JR, Watkins K, Liu X. Effects of maternal stress on
low birth weight and preterm birth outcomes across neighborhoods of South Carolina, 2000-2003.
Matern Child Health J. 2010;14(2):215-26.

33. Dole N, Savitz DA, Hertz-Picciotto |, Siega-Riz AM, McMahon MJ, Buekens P. Maternal
stress and preterm birth. Am J Epidemiol. 2003;157(1):14-24.

34. Mendez DD, Hogan VK, Culhane JF. Institutional racism, neighborhood factors, stress, and
preterm birth. Ethn Health. 2014;19(5):479-99.

35. Nkansah-Amankra S, Dhawain A, Hussey JR, Luchok KJ. Maternal social support and
neighborhood income inequality as predictors of low birth weight and preterm birth outcome
disparities: analysis of South Carolina Pregnancy Risk Assessment and Monitoring System survey,
2000—-2003. Matern Child Health J. 2010;14(5):774-85.

36. Seeman TE, Singer BH, Ryff CD, Love GD, Levy-Storms L. Social relationships, gender, and
allostatic load across two age cohorts. Psychosom Med. 2002;64(3):395-406.

37. Collins NL, Dunkel-Schetter C, Lobel M, Scrimshaw SC. Social support in pregnancy:
psychosocial correlates of birth outcomes and postpartum depression. J Pers Soc Psychol.
1993;65(6):1243.

38. Morton J, Withers M, Konrad SC, Buterbaugh C, Spence R. Bridging the gaps: An early
integrated support collaborative for at risk mothers in rural Maine. Work. 2015;50(3):413-23.

39. Morton J, Konrad SC. Introducing a caring/relational framework for building relationships with
addicted mothers. J Obstet, Gynecol, Neonatal Nurs. 2009;38(2):206-13.

40. OECD. How's Life? 2015: OECD Publishing.

41. Centers for Disease Control and Prevention. Health-Related Quality of Life (HRQOL), well-
being concepts [Internet]. Atlanta (GA): CDC; [last updated 2016 May 31; cited 2016 Sep 29].
Available from: http://www.cdc.gov/hrgol/wellbeing.htm.

42, Kobau R, Bann C, Lewis M, Zack MM, Boardman AM, Boyd R, et al. Mental, social, and
physical well-being in New Hampshire, Oregon, and Washington, 2010 Behavioral Risk Factor
Surveillance System: implications for public health research and practice related to Healthy People
2020 foundation health measures on well-being. Popul Health Metr. 2013;11(1):19.

20
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 27

yBuAdod Aq parosrold 1sanb Ag 20z ‘8T |Udy uo jwod fwg uadolway/:dny woly papeojumod '6T0Z A8 T UO £ T20-8T0Z-uadolwg/9eTT 0T se paysiignd isiy :usdo NG


http://bmjopen.bmj.com/

Page 21 of 27

oNOYTULT D WN =

BMJ Open

43. Derges J, Clow A, Lynch R, Jain S, Phillips G, Petticrew M, et al. ‘Well London’and the
benefits of participation: results of a qualitative study nested in a cluster randomised trial. BMJ Open.
2014;4(4):e003596.

44. Fowler JH, Christakis NA. Dynamic spread of happiness in a large social network:
longitudinal analysis over 20 years in the Framingham Heart Study. BMJ. 2008;337:a2338.

45, Diez Roux AV, Mair C. Neighborhoods and health. Ann N Y Acad Sci. 2010;1186(1):125-45.

21
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdod Aq paroatoid 1senb Ag 20z ‘8T |Hdy uo /wod fwq uadoligy/:dny woly papeojumod "6T0Z ABIN T UO €#TH20-8T0Z-uadolwa/9eTT 0T se paysiignd 1s1y :uado rNG


http://bmjopen.bmj.com/

oNOYTULT D WN =

ocouuuuuuuuuuud,dDDDBDDIADMDMNDAEDANEDIDNWWWWWWWWWWNNNDNNNNNNDN=S=2 Q2 aQaaa0
VWO NOOCULLhhWN-_OCLVONOOCTULDWN—_rOCVOONOOCULDDWN=—_rOUOVUONOOCULPMMNWN—_ODUOVUONOUVPSD WN =0

BMJ Open

Table 1. Gestational age at birth and maternal characteristics by maternal county quintile of composite Gallup-
Sharecare Well-Being Index (WBI) score
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Gestation age, N (%)

[N
> 37 weeks 3,477,156 (88.3) | 140,703 (86.9) 524,922 (87.4) 1,067,099 (88.0) | 1,164,674 (88.5) | 579,758 (89.4)F]
< 37 weeks 461,829 (11.7) 21,261 (13.1) 75,451 (12.6) 145,222 (12.0) 150,873 (11.5) 69,022 (10.6) @
o
3
[e)
®
Mean maternal age, years (SD) 27.9 (6.0) 25.8 (5.7) 26.9 (5.9) 27.7 (6.0) 28.1(6.1) 29.0 (5.9) "{’)
2
oo
o)
)
N
=
N
Maternal age in years, N (%) 8’
<19 331,902 (8.4) 21,052 (13.0) 62,319 (10.4) 106,581 (8.8) 104,220 (7.9) 37,730 (5.8) =
20-24 920,923 (23.4) 52,965 (32.7) 166,495 (27.7) 293,924 (24.2) 290,080 (22.1) 117,459 (18.1)F
25-29 1,123,453 (28.5) | 46,793 (28.9) 174,750 (29.1) 346,867 (28.6) 372,171 (28.3) 182,872 (28. 2)§
30-34 983,831 (25.0) 28,202 (17.4) 128,213 (21.4) 294,403 (24.3) 342,055 (26.0) 190,958 (29.4)<
35-39 462,658 (11.7) 10,480 (6.5) 55,444 (9.2) 136,276 (11.2) 165,157 (12.6) 95,301 (14.7) N
>40 116,218 (3.0) 2,472 (1.5) 13,152 (2.2) 34,270 (2.8) 41,864 (3.2) 24,460 (3.8) B
v}
]
2
=}
Maternal race, N (%) 8
White 3,010,346 (76.4) | 134,126 (82.8) 437,875 (72.9) 923,217 (76.2) 1,027,093 (78.1) | 488,035 (75. 2)%
Black 629,998 (16.0) 21,510 (13.3) 124,793 (20.8) 214,219 (17.7) 188,715 (14.3) 80,761 (12.4) o
American Indian/Alaskan 45,035 (1.1) 4,896 (3.0) 9,839 (1.6) 10,900 (0.9) 12,770 (1.0) 6,630 (1.0) =
Native American 253,606 (6.4) 1,432 (0.9) 27,866 (4.6) 63,985 (5.3) 86,969 (6.6) 73,354 (11.3) g
Asian =
S
Mother is Hispanic, N (%) cr
No 2,996,684 (76.1) | 146,500 (90.5) 492,335 (82.0) 897,455 (74.0) 940,278 (71.5) 520,116 (80. 2)_
Yes 942,301 (23.9) 15,464 (9.5) 108,038 (18.0) 314,866 (26.0) 375,269 (28.5) 128,664 (19. 8)-5
Maternal smoking, N (%)
No 3,400,601 (92.4) | 123,008 (83.0) 475,937 (88.5) 1,066,051 (92.4) | 1,175,513 (94.2) | 560,092 (94.8)
Yes 278,922 (7.6) 25,218 (17.0) 61,999 (11.5) 88,132 (7.6) 72,718 (5.8) 30,855 (5.2)
Missing 259,462 (7.1) 13,738 (9.3) 62,437 (11.6) 58,138 (5.0) 67,316 (5.4) 57,833 (9.8)

Payer, N (%)
Medicaid
Private
Self
Other
Unknown
Missing

1,462,567 (43.3)
1,559,450 (46.1)
135,125 (4.0)
165,507 (4.9)
57,360 (1.7)
558,976 (16.5)

72,640 (55.6)
45,482 (34.8)
5,327 (4.1)
5,623 (4.3)
1,575 (1.2)
31,317 (24.0)

265,707 (50.8)
202,817 (38.8)
19,694 (3.8)
23,798 (4.6)
10,515 (2.0)
77,842 (14.9)

487,403 (46.2)
451,072 (42.8)
43,835 (4.2)
54,736 (5.2)
18,064 (1.7)
157,211 (14.9)

451,382 (40.6)
537,882 (48.4)
46,824 (4.2)
57,700 (5.2)
18,085 (1.6)
203,674 (18.3)

185,435 (33.1)1
322,197 (57.6
19,445 (3.5)
23,650 (4.2)
9,121 (1.6)
88,932 (15.9)

- =
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Timing of 1st prenatal visit, N (%)
1°L 3 month
4" 6" month
7" month-term
No prenatal visit
Unknown
Missing

2,417,154 (71.5)
657,371 (19.4)
144,107 (4.3)
47,479 (1.4)
113,898 (3.4)
558,976 (16.5)

807,186
210,748

(72.6)
(19.0
46,204 (4
1
2
(

.0)
16,223 (

31,512 (
203,674 (18.3)

—

413,275 (73.8
98,924 (17.7)
20,853 (3.7)
5,337 (1.0)
21,459 (3.8)
88,932 (15.9)

Infant sex, N (%)
Female
Male

1,922,350 (48.8)
2,016,635 (51.2)

79,125 (48.9)
82,839 (51.1)

293,350 (48.9)
307,023 (51.1)

591,407 (48.8)
620,914 (51.2)

642,544 (48.8)
673,003 (51.2)

315,924 (48.
332,856 (51.

w~
~ —

Multiple births, N (%)
Yes
No

136,209 (3.5)
3,802,776 (96.5)

4,789 (3.0)
157,175 (97.0)

19,735 (3.3)
580,638 (96.7)

41,606 (3.4)
1,170,715 (96.6)

45,599 (3.5)
1,269,948 (96.5)

24,480 (3.8)
624,300 (96.2

~
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Table 2. Maternal risk of preterm delivery: overall and by county of residence aggregated by quintile of composite 5:
Gallup-Sharecare Well-Being Index (WBI) score, unadjusted and adjusted for maternal risk factors Q
xe)
Variable Coefficient (SE) P Wald P Coefficient (SE) P Wald P §
n
Intercept 0.131 (0.001) <0.001 -0.006 (0.001) <0.001 3
o
GHWBI score <0.001 <0.001 g
Q1 ref ref P
Q2 -0.006 (0.002) 0.001 -0.006 (0.001) <0.001 |'3
Q3 -0.013 (0.002) <0.001 -0.013 (0.001) <0.001 @
Q4 -0.015 (0.002) <0.001 -0.014 (0.001) <0.001 S
Q5 -0.022 (0.002) <0.001 -0.019 (0.001) <0.001 %_
©
Maternal age $
<19 ref 5
20-24 -0.019 (0.001) <0.001 'q'S
25-29 -0.021 (0.001) <0.001 Q
30-34 -0.016 (0.001) <0.001 B
35-39 0.002 (0.001) 0.018 B
=40 0.023 (0.001) <0.001 S
=
Maternal race =
White ref “:)
Black 0.051 (0.000) <0.001 Q
American Indian/Native American 0.024 (0.002) <0.001 ©
Asian 0.011 (0.001) <0.001 9
2
Mother is Hispanic 2
No ref 2
Yes 0.015 (0.000) <0.001 2
Maternal smoking 3
No ref i
Yes 0.030 (0.001) <0.001 =
Payer §
Medicaid ref 3
Private -0.019 (0.000) <0.001 3
Self -0.012 (0.001) <0.001 g
Other -0.013 (0.001) <0.001 g
Unknown -0.005 (0.001) <0.001 =
o
3
Timing of first prenatal visit o
1°L 3" month ref 5
4" 6" month -0.014 (0.000) <0.001 Z
7™ month-term -0.032 (0.001) <0.001 =
No prenatal visit 0.123 (0.001) <0.001 ©
Unknown 0.048 (0.001) <0.001 N
N
Infant sex g
Female ref Q
Male 0.011 (0.000) <0.001 §
Multiple births %
No ref S
Yes 0.487 (0.001) <0.001 3
R? 0.078 0.656 &
g
Q
o
o
<
=
=
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Table 3. Maternal risk of preterm delivery by county of residence aggregated by quintile of individual Gallup- =
Sharecare Well-Being Index (WBI) domain scores, unadjusted and adjusted for maternal risk factors Q
. Unadjusted Model Adjusted Model =
VEntEED Coefficient (SE) . UiElR) P Coefficient (SE) . BRI P
Basic Access Index (BAI) <0.001 <0.001 3
Q1 ref ref &
Q2 -0.012 (0.002) -0.009 (0.001) 5
Q3 -0.021 (0.002) :8'88] -0.015 (0.001) :8'88] o
Q4 -0.027 (0.002) <0'001 -0.019 (0.001) <0.001 Q
Q5 -0.034 (0.002) <0.001 -0.024 (0.001) <0.001 %\,
R2 0.146 0.656 3
D
Physical Health Index (PHI) <0.001 <0.001 ,?,
Q1 ref ref g
Q2 -0.009 (0.002) -0.007 (0.001) S
Q3 -0.013 (0.002) :8'88] -0.013 (0.001) :8'88] N
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Objectives 3 State specific objectives, including any prespecified hypotheses — Page 5, “...to
examine whether maternal risk of preterm birth varies with the overall well-being..”

Methods
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methods

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection — Pages 5-9

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
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selection of participants — Page 5-6
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exposed and unexposed
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Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page
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(b) Describe any methods used to examine subgroups and interactions — pages 7-9

(c) Explain how missing data were addressed — Page 9

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy — N/4A

(e) Describe any sensitivity analyses — Page 9
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Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information
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Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Report numbers of outcome events or summary measures — Pages 9-
11 and Tables 1-3)

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included — Page 10-11 and Table 2

(b) Report category boundaries when continuous variables were categorized — A// tables

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period — Na

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses — N/A

Discussion
Key results 18  Summarise key results with reference to study objectives — Page 11
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias — Page 15

Interpretation 20

Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence — Page 11-15

Generalisability 21

Discuss the generalisability (external validity) of the study results — Page 11-15

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based—Page 16

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
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ABSTRACT

Objective: To determine if preterm birth, defined as gestational age <37 weeks, is lower
for women living in counties with higher well-being, after accounting for known individual
risk factors.

Design: Cross-sectional study of all United States births in 2011.

Participants: We obtained birth data from the National Center for Health Statistics,
which included 3,938,985 individuals.

Main outcomes measures: Primary outcome measure was maternal risk of preterm
delivery by county; primary independent variable was county-level well-being as
measured by the Gallup-Sharecare Well-Being Index.

Results: Women living in counties with higher population well-being had a lower rate of
preterm delivery. The rate of preterm birth in counties in the lowest WBI quintile was
13.1%, while the rate of preterm birth in counties in the highest WBI quintile was 10.9%.
In the model adjusted for maternal risk factors (age, race, Hispanic ethnicity, smoking
status, timing of initiation of prenatal visits, multiparity, maternal insurance payer), the
association was slightly attenuated with an absolute difference of 1.9% (95% Cl 1.7% -
2.1%; P<0.001).

Conclusions: Pregnant women who live in areas with higher population well-being

have lower risk of preterm birth, even after accounting for individual risk factors.
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STRENGTHS AND LIMITATIONS OF THE STUDY

In this national study, we utilized two large, unique datasets, including the Gallup-
Sharecare Well-being Index and all data on live births in the U.S. in 2011 from the
National Center for Health Statistics.

With these data, this study was the first to examine whether the average well-being of
the population in which a woman lives, defined as a broader, multi-dimensional, self-
reported context of the physical, mental, and social health of the geographic
community, including the overall life evaluation of its residents, relates to her risk of
preterm delivery.

We summarized rates of preterm birth by quintile of county well-being, and tested for
associations between population well-being and gestational age using hierarchical
generalized linear models that adjusted for individual maternal risk factors.

As a cross-sectional study, it cannot assess causation, yet determining whether a
relationship exists between population well-being and risk of preterm birth is an
essential first step.

Without an assessment of the well-being of the individual pregnant women, the study
cannot determine how population well-being may moderate the effect of women’s
own well-being or other related individual factors on their risk of preterm delivery.
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INTRODUCTION

Despite considerable efforts, preterm birth remains a substantial public health problem
in the United States (1-3). With one in ten babies born at less than 37 weeks gestation,
preterm birth is the greatest contributor to infant mortality and a leading cause of long-
term neurological disabilities in children, resulting in considerable mortality, morbidity,
and long-term costs in the US (4-6). Research has demonstrated that while individual
factors such as maternal age and smoking status influence a pregnant woman’s risk of

preterm delivery (3), community environment has additional influence (7-9).

Research has shown that where a woman lives affects her risk of preterm birth.
Decades of study have demonstrated that specific features of the local environment,
including neighborhood poverty, local access to healthy foods, and environmental
exposures, influence a pregnant woman'’s risk of preterm delivery.(10-14) In addition to
these features, the way that the community views the overall quality of life in their
community is another important, yet often unconsidered, feature of the community.
Population well-being is a comprehensive construct that captures these contextual
factors and incorporates community members’ perceptions of the quality of their life in
their community (15,16). Well-being at the population or community level influences
health and well-being at the individual level, with a change in well-being of individuals in

a community having an effect on others (17). As such, the population well-being of a

community within which pregnant women live — defined as a broader, multi-dimensional,

self-reported context of the physical, mental, and social health of the geographic

community, including the overall life evaluation of its residents — may constitute a more
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complete and accurate conceptualization of the environment that influences the

women'’s risk of preterm delivery.

Higher population well-being is not only an outcome worth achieving for its own sake,
but also has been associated with other desirable health outcomes, such as greater life
expectancy.(18) If also associated with preterm birth, population well-being may
provide a promising novel target for reducing preterm birth rates. Prior studies have
examined the relationship of socioeconomic factors with preterm birth, but community
well-being is a distinct construct and no study has examined whether the average well-
being of the population in which a woman lives relates to her risk of preterm delivery. To
address this gap, we utilized a comprehensive, multi-dimensional assessment of well-
being across the United States, the Gallup-Sharecare Well-being Index™, previously
known as the Gallup-Healthways Well-Being Index prior to rebranding following
Sharecare’s 2016 acquisition of Healthways (Gallup-Sharecare, 2011), and data on all
live births in the United States in 2011 (National Center for Health Statistics, 2011) to
examine whether the rate of preterm birth varies with the overall well-being of the
population within which the pregnant woman lives (19, 20). We hypothesized that risk of
preterm birth is lower for pregnant women who live in higher well-being populations,
even when accounting for known individual maternal risk factors. Such work lays the
groundwork for testing whether society-wide interventions to improve well-being might

have broad beneficial health effects.

METHODS
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Overview

We conducted a cross-sectional study in which we linked data on all live births in the
U.S. in 2011 to area-level data on population well-being. Because county was the
smallest geographic area available for each mother, we aggregated well-being at the
county level as well. Well-being was measured at the level of county (or county
equivalent) and births were linked to the mother’s county of residence. We summarized
rates of preterm birth by quintile of county well-being, and tested for associations
between population well-being and gestational age using hierarchical generalized linear

models that adjusted for maternal risk factors.

Birth Data

Birth data were obtained from the National Center for Health Statistics (NCHS)(20). The
NCHS aggregates and standardizes data on births collected from all 50 states and the
District of Columbia. We used restricted geocoded special use files from NCHS; these
include maternal risk factors, maternal county of residence, and gestational age
(categorized as <20 weeks, 20-27, 28-31,32-33,34-36,37-38,39,40, 41, and 42 or
more). This dataset include geocoding at the county level, using the Federal Information

Processing System (FIPS) code (21).

Study Sample
We included all live births during 2011 where the mother’s county of residence was not
missing, and for which there were WBI survey responses available from that county. We

excluded births with missing gestational age. In 2011, fifteen states did not collect
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information on prenatal visits or payer (AK, AL, AR, AZ, CT, HI, MA, ME, MN, MS, NJ,
RI, VA, WV). We did not impute missing data due to nonrandom missingness and likely
confounding with the outcome. These missing variables were instead coded as

unknown; in sensitivity analyses we omitted these states.

Outcome

Our primary outcome was preterm delivery, defined as gestational age <37 weeks.(22)

Population Well-being Data

Our primary independent variable was population well-being. Data on population well-
being were obtained from the Gallup-Sharecare Well-being Index (WBI) survey for 2011
(19). To develop the WBI, survey items that aligned with prior research on well-being
were compiled by experts in the field (23-25). Based on the existing literature, items
were selected so that the survey would include both hedonic well-being (i.e., people’s
feelings and thoughts about their lives) and eudemonic well-being (i.e., an individual’s
judgments about the meaning and purpose in one’s life) (26). The survey therefore
includes items assessing daily emotional experience and a wide variety of evaluative
domains, such as overall life, standard of living, and satisfaction with community, work,
relationships, and personal health. Data from a large, representative national sample
was then used to perform factor analysis to determine the final set of questions.
Criterion validity of geographically aggregated data was established by examining
correlations with health and socioeconomic indicators (27). Principal component and

confirmatory factor analyses were then used to create an instrument valid for measuring
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individual well-being. The individual well-being measure has acceptable reliability,

internal and external validity (28).

In 2011, the WBI comprised 55 self-reported items organized into 6 domains: life
evaluation; emotional health; physical health; healthy behaviors; basic access and work
environment.(24) The Life Evaluation Index measures life satisfaction and optimism
about the future. The Emotional Health Index measures daily emotions and the
presence or absence of depression. The Physical Health Index assesses the burden of
chronic disease and recent iliness. The Healthy Behaviors Index assesses the
prevalence of smoking, exercising, and eating fruit and vegetables. The Basic Access
Index includes perception of safety and access to housing and health care. The Work
Environment Index assesses job satisfaction, trust and respect in the workplace and,
unlike the other domains, it is collected only from the subset of respondents who report
being employed. Each domain is represented by an index, measured on a scale of 0 to
100. A composite score, the Well-Being Index (WBI), was calculated as the unweighted
mean of the 6 domain scores, and is reported on a scale of 0-100. Gallup surveyed a
unique sample of nearly 1000 individuals 18 years and older every day for
approximately 350 days during 2011. A structured sampling design was used with
respondents surveyed from all 50 states and the District of Columbia. The survey was
administered in both English and Spanish, using both land lines and cell phones. We
aggregated individual WBI responses into county scores based the maternal county of

residence. For our primary analyses, we used quintiles of county WBI scores as our
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independent variable; in secondary analyses, we used county-level quintiles for each of

the individual domain scores.

Other Independent Variables

From the NCHS birth dataset we included the following known maternal risk factors for
preterm delivery: age (categorized as <=19, 20-24, 25-29, 30-34, 35-39, 40+); race
(White, Black, Asian, American Indian/Alaska Native); Hispanic ethnicity; smoking
status; start of prenatal visits (1st trimester, 2nd trimester, 3rd trimester, none, not
known); and multiparity (single birth versus multiple). We also included infant sex, and,
as a marker of socioeconomic status, we included the maternal insurance payer

(Medicaid, private, self, other, unknown).

Statistical Analysis

We summarized the outcome, WBI score, and all maternal risk factors by quintile of
population WBI, reporting frequency and percent of births in each category. To assess
the association between population well-being and preterm birth, we estimated two
individual level mixed effects linear models. Both models had the same dichotomous
outcome (preterm birth) and both included a random intercept for county. Though
logistic regression models are conventional used for dichotomous outcomes, linear
probability models such as these are appropriate when the outcome rate is not close to
0 or 1, and the predicted values from the model are also between 0 and 1. One
advantage of using a linear model is that the intercept and coefficients have direct

interpretations as a reference rate and risk differences respectively. The first model
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was unadjusted, including only county quintile of population well-being. The second
adjusted for maternal age, race, ethnicity, smoking status, trimester during which
prenatal care was initiated, single or multiple birth, and insurance payer. For both
models we calculated the Wald P-value for the overall effect of WBI and a separate test
for trend in effects across WBI quintiles. In secondary analyses we replicated the main

analyses using each of the 6 domain scores of the well-being index.

We also estimated a reference model which included no independent variables, and
used the county level variance from this model to calculate the variance explained at the
county level for each of the models described above, using R? = ( 12 - 1*2)/12, where 1*?

is the county level variance for the model with independent variables.(29)

All analyses were performed using Stata 14.2 (2016 StataCorp, College Station, TX).

The Yale University Institutional Review Board approved this study.

RESULTS

We used data from 3,938,985 births across 2,989 counties, representing 99.6% of all
US births in 2011. The mean (SD) county-level preterm birth rate was 11.7% (2.2%)
preterm births. Table 1 shows numbers and percentages of children born before and
after 37 weeks’ gestation, maternal characteristics, and infant sex by quintile of average

well-being of the maternal county of residence.
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The observed rate of preterm birth decreased across WBI quintiles from 13.1% in the
lowest quintile to 10.9% in the highest quintile (Table 1). In the unadjusted model,
pregnant women living in counties with higher population well-being had a significantly
lower risk of preterm birth: -.2.2% (95% CI: [-2.6%, -1.8%]; p<0.001) (Table 2). After
adjusting for maternal risk factors for preterm birth, the trend remained consistent
across the quintiles; the absolute difference between the highest and lowest quintiles
was attenuated to -1.9% (95% CI: [-2.2%, -1.6%]; P<0.001). In sensitivity analyses,

results were similar.

In secondary analyses, independent associations between quintiles of each well-being
domain and preterm birth are reported in Table 3. Similar to the composite WBI score,
all domain scores were significantly associated with maternal risk of preterm birth, in the
unadjusted model and the model adjusting for individual maternal risk factors. Different
domains, however, explained different amounts of variance of well-being, with the basic
access index explaining 14.6% of the county variance. After adjusting for maternal risk
factors, women in counties with the highest basic access score experienced an absolute
difference in preterm birth rates of -2.4% (95%CI: [-2.2%,-2.6%]; p<0.001) when
compared with women in counties with the lowest basic access score. Similarly, the
average physical health score of the county within which a pregnant woman resided
was associated with lower rates of preterm birth, in both unadjusted and adjusted
models (absolute difference in preterm birth rate: -1.9%, 95%CI: [-1.6%, -2.1%];
p<0.001). In the models adjusted for maternal risk factors, healthy behaviors (-1.5%,

95%Cl: [-1.2%, -1.8%]; p<0.001), emotional health (-1.0%, 95%Cl: [-0.7%, -1.3%];
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p<0.001), and life evaluation (-1.1%, 95%CI: [-0.8%, -1.4%]; p<0.001) of the county

population negatively correlated with risk of preterm birth.

DISCUSSION

In this study of nearly all births in the United States in 2011, we found that pregnant
women who lived in counties with higher average well-being had significantly lower risk
of preterm birth. After accounting for known maternal risk factors, including age, race,
ethnicity, smoking status, timing of initiation of prenatal care, multiparity, and payer type,
the absolute difference in maternal risk for preterm delivery between the highest well-
being counties and the lowest well-being counties was 1.9%. If this relationship is
causal, and if the lowest well-being counties experienced this reduced rate, they would
have had 3,077 fewer preterm births in 2011 alone, yielding an estimated financial
savings of nearly $160 million (30), in addition to fewer long-term consequences of
preterm birth such as infant mortality and long-term disabilities. Additional reductions in
preterm birth risk in counties from the middle well-being quintiles, which contributed

greater total numbers of births in 2011, would augment these benefits.

Decades of research have delineated a variety of maternal-level risk factors for preterm
delivery, including maternal age, smoking status, history of preterm delivery, and
socioeconomic status (SES) (2, 3, 31), while recent studies of environmental factors
suggest that features of where a pregnant woman lives, including neighborhood
poverty, local access to healthy foods, and environmental exposures, additionally

influence her risk of preterm delivery (10, 11, 13, 14). Our study extends the existing
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literature by leveraging large national data sources to assess how a comprehensive,
multi-dimensional measure of population well-being, including the self-reported overall
quality of life, and its various domains relate to individual preterm birth risk across the
United States. In completing this study, we found that pregnant women were at lower
risk of preterm delivery when living in higher well-being populations than when living in
lower well-being populations, even when we accounted for maternal risk factors that are
highly correlated with SES, such as insurance payer, age at time of delivery, smoking
status, and timing of first prenatal visit (32, 33). This finding adds to the growing
literature describing the complex interactions between individuals and their local
environment, including natural, built, and social environments, and their combined

effects on health outcomes.

The relationship will identify could plausibly be causal through several mechanisms,
including reasons related to the social environment. Pregnant women who live in higher
well-being populations may experience less toxic stress, greater access to social
resources, higher levels of trust and tolerance, and/or a greater perception of safety.(16)
Prior research has shown that exposure to toxic stress increases the risk of preterm
delivery,(34-37) while stronger social support, less social isolation, and greater social
connectedness are associated with lower risk of preterm delivery, perhaps by reducing
the allostatic load or chronic stress experienced by pregnant women.(38-43)
Additionally, while experiences of perceived discrimination are associated with

increased risk of preterm delivery, experiences of trust and tolerance as well as a
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greater perception of safety may foster healthier pregnancies and term deliveries.(44-

46)

According to our results, pregnant women with the same individual maternal risk profile,

including factors associated with SES, experience lower risk of preterm delivery when

living in higher well-being populations than when living in lower well-being populations.

This finding is consistent with emerging epigenetics (13, 47, 48) and maternal
weathering (24, 29) literature. The maternal weathering model suggests that certain
populations of women have an increased risk of preterm delivery due to “accelerated
aging” that they experience as a result of greater exposure to hardship. This model
suggests that living in better neighborhoods might attenuate the increased risk
associated with these weathering effects.(49) It is possible that the observed risk
contributed by weathering and the risk mitigated by living in higher well-being
populations are actually related to underlying exposure to toxic stress and buffering

from factors such as trust, tolerance, social support, and perceived safety.

Our study also builds on prior literature that found links between living in areas of
greater poverty and increased risk of preterm birth. In the domain analyses, the basic
access domain demonstrated the strongest relationship with maternal risk of preterm
delivery. Even after adjusting for individual maternal risk factors, including insurance
provider and smoking, the basic access domain explained nearly 15% of county-level
variance in preterm birth rates. The basic access index domain includes items that

assess perceived access to healthcare, clean water, fresh produce, and safe public
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space as well as ability to afford basic needs such as food and shelter. This finding
affirms prior literature reporting that access to basic needs is strongly correlated with
health outcomes. Importantly, however, all domains contributed independently to the
inverse association between population well-being and maternal risk of preterm
delivery, though to varying degrees. Average county-level physical health, healthy
behaviors, and emotional health scores were associated with a one- to two-percent

lower maternal risk of preterm delivery.

The results of our study have several potential implications. Our findings suggest the
possibility that effective population- and community-level investments in well-being may
not only improve overall health and quality of life for populations, but also contribute to
reduced rates of preterm birth for pregnant women living in those populations, an idea
worth pursuing. Our domain analyses suggest that improving aggregate basic access,
in particular, could plausibly result in not only greater well-being but also fewer preterm
births. Targeting other domains, such as physical health, healthy behaviors, and
emotional health, may yield additional improvements. Importantly, the effectiveness of
various interventions will most likely depend on the contexts within which they are
implemented. Currently, efforts are underway across the globe to track and improve
population well-being through programmatic and policy-based interventions.(4, 6, 50-52)
While some interventions involve multi-sector, community-based programs, many of
which are government supported, other interventions involve changes in economic and
social policies, such as those aimed at affordable housing, employment, and access to

public spaces for physical fithess or social connection.(16, 53, 54) Given the
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relationship between population well-being and preterm birth risk, examining the
association of such programs and policies with preterm birth could be informative and
allow for spread of interventions that effectively increase well-being and reduce preterm

birth.

Our study has limitations. First, as a cross-sectional study, it cannot assess causation.
However, determining whether a relationship exists between population well-being and
risk of preterm birth is an essential first step. Second, this study specifically examines
how the average well-being of the adult population within which a pregnant woman lives
correlates with her risk of preterm delivery. Because we do not have an assessment of
the well-being of the individual pregnant women, we cannot determine how population
well-being may moderate the effect of women’s own well-being or other related
individual factors on their risk of preterm delivery. Additionally, we did not have data on
maternal income, wealth, or education level, so we could not directly adjust for these
socioeconomic variables. Nevertheless, we utilized available maternal-level variables
that are known to be associated with socioeconomic status as proxies in order to control
for the effect of socioeconomic status on preterm birth and isolate the effect of
community well-being. Finally, we did not have well-being data available at
geographically smaller units (e.g., neighborhood or city), which may be more relevant
than county well-being in describing the community context for an individual pregnant
woman. While counties are distinct from the smaller, often more homogeneous,
geographic units of neighborhoods and census tracts, policies and programs are often

enacted at the county level. Thus, results may drive action at the county-level, while
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also informing local communities in developing targeted programs to enhance well-

being.

Pregnant women who live in populations with higher well-being have lower risk of
preterm delivery, even after accounting for known individual maternal risk factors. The
well-being of a population is an important end itself, but if causal pathways exist
between population well-being and other valued outcomes, investments in population
well-being may yield other benefits, potentially including fewer preterm births.
Understanding the full effects of population well-being can inform the emerging dialogue

about its value as a health investment.
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1 Table 1. Gestational age at birth and maternal characteristics by maternal county quintile of composite Gallup-
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0}

=

2 Sharecare Well-Being Index (WBI) score a

2

o

=

TOTAL Q1 Q2 Q3 Q4 Q5 3

(N=3,938,985) (N=161,964) (N=600,373) (N=1,212,321) (N=1,315,547) (N=648,780) <

&

'_\

O

=

Wellbeing Index, mean (SD) 59.6 (2.9) 64.4 (0.8) 66.7 (0.7) 68.8 (0.7) 71.5(1.4) 67.6 (2.9) g

=3

Gestation age, N (%) 3.

> 37 weeks 3,477,156 (88.3) | 140,703 (86.9) | 524,922 (87.4) | 1,067,099 (88.0) | 1,164,674 (88.5) | 579,758 (89.4) S

< 37 weeks 461,829 (11.7) 21,261 (13.1) 75,451 (12.6) 145,222 (12.0) 150,873 (11.5) 69,022 (10.6) 2

Mean maternal age, years (SD) 27.9 (6.0) 25.8 (5.7) 26.9 (5.9) 27.7 (6.0) 28.1 (6.1) 29.0 (5.9) :é‘)

Maternal age in years, N (%) ®

<19 331,902 (8.4) 21,052 (13.0) 62,319 (10.4) 106,581 (8.8) 104,220 (7.9) 37,730 (5.8) S

20-24 920,923 (23.4) 52,965 (32.7) 166,495 (27.7) | 293,924 (24.2) 290,080 (22.1) 117,459 (18.1) B

25-29 1,123,453 (28.5) | 46,793 (28.9) 174,750 (29.1) | 346,867 (28.6) 372,171 (28.3) 182,872 (28.2) »

30-34 983,831 (25.0) 28,202 (17.4) 128,213 (21.4) | 294,403 (24.3) 342,055 (26.0) 190,958 (29.4) &

35-39 462,658 (11.7) 10,480 (6.5) 55,444 (9.2) 136,276 (11.2) 165,157 (12.6) 95,301 (14.7) >

=40 116,218 (3.0) 2,472 (1.5) 13,152 (2.2) 34,270 (2.8) 41,864 (3.2) 24,460 (3.8) 2

Q

Maternal race, N (%) <

White 3,010,346 (76.4) | 134,126 (82.8) | 437,875 (72.9) 923,217 (76.2) 1,027,093 (78.1) | 488,035 (75.2) &

Black 629,998 (16.0) 21,510 (13.3) 124,793 (20.8) 214,219 (17.7) 188,715 (14.3) 80,761 (12.4) 5
American Indian/Alaskan 45,035 (1.1) 4,896 (3.0) 9,839 (1.6) 10,900 (0.9) 12,770 (1.0) 6,630 (1.0) :

Native American 253,606 (6.4) 1,432 (0.9) 27,866 (4.6) 63,985 (5.3) 86,969 (6.6) 73,354 (11.3) g

Asian g

Mother is Hispanic, N (%) S

No 2,996,684 (76.1) | 146,500 (90.5) | 492,335 (82.0) 897,455 (74.0) 940,278 (71.5) 520,116 (80.2) &

Yes 942,301 (23.9) 15,464 (9.5) 108,038 (18.0) 314,866 (26.0) 375,269 (28.5) 128,664 (19.8) o

Maternal smoking, N (%) 3

No 3,400,601 (92.4) | 123,008 (83.0) | 475,937 (88.5) 1,066,051 (92.4) | 1,175,513 (94.2) | 560,092 (94.8) —

Yes 278,922 (7.6) 25,218 (17.0) 61,999 (11.5) 88,132 (7.6) 72,718 (5.8) 30,855 (5.2) _g

Missing 259,462 (7.1) 13,738 (9.3) 62,437 (11.6) 58,138 (5.0) 67,316 (5.4) 57,833(9.8) <

=

Payer, N (%) =

Medicaid 1,462,567 (43.3) | 72,640 (55.6) 265,707 (50.8) 487,403 (46.2) 451,382 (40.6) 185,435 (33.1) 3

Private 1,559,450 (46.1) | 45,482 (34.8) 202,817 (38.8) 451,072 (42.8) 537,882 (48.4) 322,197 (57.6) =

Self 135,125 (4.0) 5,327 (4.1) 19,694 (3.8) 43,835 (4.2) 46,824 (4.2) 19,445 (35) T

Other 165,507 (4.9) 5,623 (4.3) 23,798 (4.6) 54,736 (5.2) 57,700 (5.2) 23650 (4.2) 3.

Unknown 57,360 (1.7) 1,575 (1.2) 10,515 (2.0) 18,064 (1.7) 18,085 (1.6) 9,121 (1.6) '8

Missing 558,976 (16.5) 31,317 (24.0) 77,842 (14.9) 157,211 (14.9) 203,674 (18.3) 88,932 (15.9) 3

Timing of 1st prenatal visit, N (%) %

1st- 314 month 2,417,154 (71.5) | 88,922 (68.1) 357,044 (68.3) 750,727 (71.2) 807,186 (72.6) 413,275 (73.8) »

4th- 6t month 657,371 (19.4) 29,131 (22.3) 114,187 (21.9) 204,381 (19.4) 210,748 (19.0) 98,924 (17.7) ©

7" month-term 144,107 (4.3) 6,899 (5.3) 25,691 (4.9) 44,460 (4.2) 46,204 (4.2) 20853(37) =

No prenatal visit 47,479 (1.4) 1,854 (1.4) 9,102 (1.7) 14,963 (1.4) 16,223 (1.5) 5337 (1.0) o

Unknown 113,898 (3.4) 3,841 (2.9) 16,507 (3.2) 40,579 (3.8) 31,512 (2.8) 21,459 (3.8)

Missing 558,976 (16.5) 31,317 (24.0) 77,842 (14.9) 157,211 (14.9) 203,674 (18.3) 88,932(15.9) Q

S

Infant sex, N (%) =3

Female 1,922,350 (48.8) | 79,125 (48.9) 293,350 (48.9) 591,407 (48.8) 642,544 (48.8) 315,924 (48.7) ;

Male 2,016,635 (51.2) | 82,839 (51.1) 307,023 (51.1) 620,914 (51.2) 673,003 (51.2) 332,856 (51.3) =

%)

Multiple births, N (%) ‘U

Yes 136,209 (3.5) 4,789 (3.0) 19,735 (3.3) 41,606 (3.4) 45,599 (3.5) 24,480 (38) 3

No 3,802,776 (96.5) | 157,175 (97.0) | 580,638 (96.7) 1,170,715 (96.6) | 1,269,948 (96.5) | 624,300 (96.2) g

o

3 a

o

<
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Table 2. Maternal risk of preterm delivery: overall and by county of residence aggregated by quintile of composite
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Gallup-Sharecare Well-Being Index (WBI) score, unadjusted and adjusted for maternal risk factors
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w
<
[
@]
k]
g
g
No)
. - Wald . =
Variable Coefficient (95% CI) P P Coefficient (SE) P Wald P %
>
Intercept 0.131 [0.128,0.134] <0.001 0.120 [0.118,0.123] <0.001 2
GHWBI score <0.001 <0.001 8"_)‘
Q1 ref ref ©
Q2 -0.006 [-0.010,-0.002] 0.001 -0.006 [-0.009,-0.003] <0.001 =
Q3 -0.013 [-0.017,-0.009] <0.001 -0.013 [-0.016,-0.010] <0.001 ot
Q4 -0.015 [-0.019,-0.012] <0.001 -0.014 [-0.017,-0.012] <0.001 o)
Q5 -0.022 [-0.026,-0.018] <0.001 -0.019 [-0.022,-0.016] <0.001 3
S
g
Maternal age o
<19 ref c
20-24 -0.019 [-0.020,-0.017] <0.001 ®
25-29 -0.021 [-0.022,-0.020] <0.001 S
30-34 -0.016 [-0.017,-0.014] <0.001 B
35-39 0.002 [0.000,0.003] 0.018 5
240 0.023 [0.021,0.025] <0.001 o
=}
=
<
Maternal race £
White ref N
Black 0.051 [0.050,0.052] <0.001 c
American Indian/Native 0.024 [0.021,0.027] <0.001 ©
American 0.011 [0.009,0.012] <0.001 o
Asian g
=1
Mother is Hispanic 8
No ref %
Yes 0.015 [0.014,0.015] <0.001 o
Maternal smoking g
No ref =
Yes 0.030 [0.029,0.031] <0.001 S
Unknown 0.004 [0.002,0.007] =
3.
Payer 3
Medicaid ref 0}
Private -0.019 (0.000) <0.001 g
Self -0.012 (0.001) <0.001 3
Other -0.013 (0.001) <0.001 o
Unknown -0.005 (0.001) <0.001 %
S
Timing of first prenatal visit _Ig
1st- 31 month ref =
4t- 6t month -0.019 [-0.020,-0.018] <0.001 =
7t month-term -0.012 [-0.014,-0.011] <0.001 &
No prenatal visit -0.013 [-0.014,-0.011] <0.001 B
Unknown -0.005 [-0.008,-0.002] <0.001 N
-0.004 [-0.006,-0.003] g
(o)
Infant sex ®
Female ref 2}
Male 0.011 [0.010,0.011] <0.001 T
o
Multiple births o}
No ref T
Yes 0.487 [0.485,0.489] <0.001 g—
<
R2 0.078 0.656 8
o
<
g.
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g
Table 3. Maternal risk of preterm delivery by county of residence aggregated by quintile of individual Gallup- :_:
Sharecare Well-Being Index (WBI) domain scores, unadjusted and adjusted for maternal risk factors a
=

. Unadjusted Model Adjusted Model S
Variable Coefiicient [95% Cl] P | WaldP | Goefficient[95% CI] ° WEld 1
Basic Access Index (BAI) <0.001 <0.0018
Q1 ref ref bl
Q2 -0.012 [-0.016,-0.009] -0.009 [-0.012,-0.006] I
Q3 -0.021 [-0.024,-0.017] <0.001 -0.015 [-0.017,-0.012] | <0.001 S
Q4 -0.027 [-0.031,-0.024] <0.001 -0.019 [-0.022,-0.016] | <0.001 =
Q5 -0.034 [-0.037,-0.030] <0.001 -0.024 [-0.027,-0.021] | <0.001 o
<0.001 <0.001 cg\r

R2 0.146 0.656 .8

D
Physical Health Index (PHI) <0.001 <0.001 ,?_,
Q1 ref ref 2
Q2 - -0.007 [-0.010,-0.005] g
Q3 0.009 [-0.012,-0.005] <0.001 -0.013 [-0.015,-0.010] <0.001 N
Q4 -0.013 [-0.016,-0.009] <0.001 -0.017 [-0.019,-0.014] | <0.001 i
Q5 -0.017 [-0.020,-0.013] <0.001 -0.019 [-0.021,-0.016] | <0.001 5
-0.019 [-0.023,-0.016] <0.001 <0.001 S
=
R? 0.059 0.657 =
Healthy Behaviors Index (HBI) <0.001 <0.001fJ
Q1 ref ref c
Q2 -0.003 [-0.007,0.001] -0.005 [-0.008,-0.002] ©
Q3 -0.008 [-0.011,-0.004] 0.130 -0.010 [-0.013,-0.008] <0.001 g
Q4 -0.013 [-0.017,-0.010] <0.001 -0.015 [-0.017,-0.012] | <0.001 g
Q5 -0.017 [-0.021,-0.013] <0.001 -0.015 [-0.018,-0.012] | <0.001 =1
<0.001 <0.001 8
o
R2 0.039 0.654 9;
Emotional Health Index (EHI) <0.001 <0.001§
Q1 ref ref =
Q2 -0.011 [-0.014,-0.007] -0.010 [-0.013,-0.008] i<
Q3 -0.012 [-0.015,-0.008] <0.001 -0.011 [-0.014,-0.009] | <0.001 S
Q4 -0.014 [-0.018,-0.010] <0.001 -0.013 [-0.016,-0.010] | <0.001 3.
Q5 -0.012 [-0.016,-0.008] <0.001 -0.010 [-0.013,-0.007] | <0.001 8
<0.001 <0.001 g
o
R? 0.032 0.656 3
Life Evaluation Index (LEI) 0.004 <0.001 g
Q1 ref ref 3
Q2 -0.005 [-0.009,-0.001] -0.005 [-0.008,-0.002] i
Q3 -0.006 [-0.009,-0.002] 0.010 -0.008 [-0.011,-0.005] | <0.001 5
Q4 -0.006 [-0.009,-0.002] 0.004 -0.010 [-0.013,-0.007] | <0.001 =
Q5 -0.008 [-0.011,-0.004] 0.003 -0.011 [-0.014,-0.008] | <0.001 =
<0.001 <0.001 -
N
o
N

R2 0.004 0.653 &
Work Environment Index (WEI) <0.001 <0.001:;2
Q1 ref ref o
Q2 -0.007 [-0.011,-0.003] -0.008 [-0.010,-0.005] 2
Q3 -0.008 [-0.012,-0.004] <0.001 -0.009 [-0.011,-0.006] <0.001 i)
Q4 -0.010 [-0.013,-0.006] <0.001 -0.007 [-0.010,-0.005] <0.001 =}
Q5 -0.006 [-0.010,-0.002] <0.001 -0.003 [-0.006,0.000] <0.001 @
0.002 0.001 @
o
o

R2 0.016 0.653 <

8

©

=<
=
=
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
— Abstract (Page 2, “Methods: We performed a cross-sectional study...”)
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found — Page 2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
— Pages 4-5

Objectives 3 State specific objectives, including any prespecified hypotheses — Page 5, “...to
examine whether maternal risk of preterm birth varies with the overall well-being..”

Methods

Study design 4 Present key elements of study design early in the paper — Page 5, beginning of
methods

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection — Pages 5-9

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants — Page 5-6
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable — Pages 6-9

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group — Pages 6-9

Bias 9 Describe any efforts to address potential sources of bias — Page 7-9

Study size 10 Explain how the study size was arrived at -- Page 6, I* paragraph of Study Sample

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why — Pages 7-9

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page

— Pages 7-9

(b) Describe any methods used to examine subgroups and interactions — pages 7-9

(c) Explain how missing data were addressed — Page 9

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy — N/4A

(e) Describe any sensitivity analyses — Page 9
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Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed — Page 9
(b) Give reasons for non-participation at each stage — N/4, this was a population based study
at the county level
(c) Consider use of a flow diagram — N/4

Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information

data on exposures and potential confounders — N/4 unit of analysis was the county
(b) Indicate number of participants with missing data for each variable of interest — N/4
(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Report numbers of outcome events or summary measures — Pages 9-
11 and Tables 1-3)

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included — Page 10-11 and Table 2

(b) Report category boundaries when continuous variables were categorized — A// tables

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period — Na

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses — N/A

Discussion
Key results 18  Summarise key results with reference to study objectives — Page 11
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias — Page 15

Interpretation 20

Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence — Page 11-15

Generalisability 21

Discuss the generalisability (external validity) of the study results — Page 11-15

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based—Page 16

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective: To determine if preterm birth, defined as gestational age <37 weeks, is lower
for women living in counties with higher well-being, after accounting for known individual
risk factors.

Design: Cross-sectional study of all United States births in 2011.

Participants: We obtained birth data from the National Center for Health Statistics,
which included 3,938,985 individuals.

Main outcomes measures: Primary outcome measure was maternal risk of preterm
delivery by county; primary independent variable was county-level well-being as
measured by the Gallup-Sharecare Well-Being Index (WBI).

Results: Women living in counties with higher population well-being had a lower rate of
preterm delivery. The rate of preterm birth in counties in the lowest WBI quintile was
13.1%, while the rate of preterm birth in counties in the highest WBI quintile was 10.9%.
In the model adjusted for maternal risk factors (age, race, Hispanic ethnicity, smoking
status, timing of initiation of prenatal visits, multiparity, maternal insurance payer), the
association was slightly attenuated with an absolute difference of 1.9% (95% Cl 1.7% -
2.1%; P<0.001).

Conclusions: Pregnant women who live in areas with higher population well-being

have lower risk of preterm birth, even after accounting for individual risk factors.
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STRENGTHS AND LIMITATIONS OF THE STUDY

In this national study, we utilized two large, unique datasets, including the Gallup-
Sharecare Well-being Index and all data on live births in the U.S. in 2011 from the
National Center for Health Statistics.

With these data, this study was the first to examine whether the average well-being of
the population in which a woman lives, defined as a broader, multi-dimensional, self-
reported context of the physical, mental, and social health of the geographic
community, including the overall life evaluation of its residents, relates to her risk of
preterm delivery.

We summarized rates of preterm birth by quintile of county well-being, and tested for
associations between population well-being and gestational age using hierarchical
generalized linear models that adjusted for individual maternal risk factors.

As a cross-sectional study, it cannot assess causation, yet determining whether a
relationship exists between population well-being and risk of preterm birth is an
essential first step.

Without an assessment of the well-being of the individual pregnant women, the study
cannot determine how population well-being may moderate the effect of women’s
own well-being or other related individual factors on their risk of preterm delivery.
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INTRODUCTION

Despite considerable efforts, preterm birth remains a substantial public health problem
in the United States.(1-3) With one in ten babies born at less than 37 weeks gestation,
preterm birth is the greatest contributor to infant mortality and a leading cause of long-
term neurological disabilities in children, resulting in considerable mortality, morbidity,
and long-term costs in the US.(4-6) Research has demonstrated that while individual
factors such as maternal age and smoking status influence a pregnant woman’s risk of

preterm delivery,(3) community environment has additional influence.(7-9)

Research has also shown that where a woman lives affects her risk of preterm birth.
Decades of study have demonstrated that specific features of the local environment,
including neighborhood poverty, local access to healthy foods, and environmental
exposures, influence a pregnant woman'’s risk of preterm delivery.(10-14) In addition to
these features, the way that the community views the overall quality of life in their
community is another important, yet often unconsidered, feature of the community.
Population well-being is a comprehensive construct that captures these contextual
factors and incorporates community members’ perceptions of the quality of their life in
their community (15, 16). Well-being at the population or community level influences
health and well-being at the individual level, with a change in well-being of individuals in

a community having an effect on others(17). As such, the population well-being of a

community within which pregnant women live — defined as a broader, multi-dimensional,

self-reported context of the physical, mental, and social health of the geographic

community, including the overall life evaluation of its residents — may constitute a more
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complete and accurate conceptualization of the environment that influences the

women'’s risk of preterm delivery.

Higher population well-being is not only an outcome worth achieving for its own sake,
but also has been associated with other desirable health outcomes, such as greater life
expectancy.(18) If also associated with preterm birth, population well-being may
provide a promising novel target for reducing preterm birth rates. Prior studies have
examined the relationship of socioeconomic factors with preterm birth, but community
well-being is a distinct construct and no study, has examined whether the average well-
being of the population in which a woman lives relates to her risk of preterm delivery. To
address this gap, we utilized a comprehensive, multi-dimensional assessment of well-
being across the United States, the Gallup-Sharecare Well-being Index™, previously
known as the Gallup-Healthways Well-Being Index prior to rebranding following
Sharecare’s 2016 acquisition of Healthways (Gallup-Sharecare, 2011), and data on all
live births in the United States in 2011 (National Center for Health Statistics, 2011) to
examine whether the rate of preterm birth varies with the overall well-being of the
population within which the pregnant woman lives(19, 20). We hypothesized that risk of
preterm birth is lower for pregnant women who live in higher well-being populations,
even when accounting for known individual maternal risk factors. Such work lays the
groundwork for testing whether society-wide interventions to improve well-being might

have broad beneficial health effects.

METHODS
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Overview

We conducted a cross-sectional study in which we linked data on all live births in the
U.S. in 2011 to area-level data on population well-being. Because county was the
smallest geographic area available for each mother, we aggregated well-being at the
county level as well. Well-being was measured at the level of county (or county
equivalent) and births were linked to the mother’s county of residence. We summarized
rates of preterm birth by quintile of county well-being, and tested for associations
between population well-being and gestational age using hierarchical generalized linear

models that adjusted for maternal risk factors.

Birth Data

Birth data were obtained from the National Center for Health Statistics (NCHS).(20) The
NCHS aggregates and standardizes data on births collected from all 50 states and the
District of Columbia. We used restricted geocoded special use files from NCHS; these
include maternal risk factors, maternal county of residence, and gestational age
(categorized as <20 weeks, 20-27, 28-31,32-33,34-36,37-38,39,40, 41, and 42 or
more). This dataset include geocoding at the county level, using the Federal Information

Processing System (FIPS) code.(21)

Study Sample
We included all live births during 2011 where the mother’s county of residence was not
missing, and for which there were WBI survey responses available from that county. We

excluded births with missing gestational age. In 2011, fifteen states did not collect
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information on prenatal visits or payer (AK, AL, AR, AZ, CT, HI, MA, ME, MN, MS, NJ,
RI, VA, WV). We did not impute missing data due to nonrandom missingness and likely
confounding with the outcome. These missing variables were instead coded as

unknown; in sensitivity analyses we omitted these states.

Outcome

Our primary outcome was preterm delivery, defined as gestational age <37 weeks.(22)

Population Well-being Data

Our primary independent variable was population well-being. Data on population well-
being were obtained from the Gallup-Sharecare Well-being Index (WBI) survey for
2011.(19) To develop the WBI, survey items that aligned with prior research on well-
being were compiled by experts in the field (23-25). Based on the existing literature,
items were selected so that the survey would include both hedonic well-being (i.e.,
people’s feelings and thoughts about their lives) and eudemonic well-being (i.e., an
individual's judgments about the meaning and purpose in one’s life) (26). The survey
therefore includes items assessing daily emotional experience and a wide variety of
evaluative domains, such as overall life, standard of living, and satisfaction with
community, work, relationships, and personal health. Data from a large, representative
national sample was then used to perform factor analysis to determine the final set of
questions. Criterion validity of geographically aggregated data was established by
examining correlations with health and socioeconomic indicators (27). Principal

component and confirmatory factor analyses were then used to create an instrument
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valid for measuring individual well-being. The individual well-being measure has

acceptable reliability, internal and external validity (28).

In 2011, the WBI comprised 55 self-reported items organized into 6 domains: life
evaluation; emotional health; physical health; healthy behaviors; basic access and work
environment.(24) The Life Evaluation Index measures life satisfaction and optimism
about the future. The Emotional Health Index measures daily emotions and the
presence or absence of depression. The Physical Health Index assesses the burden of
chronic disease and recent iliness. The Healthy Behaviors Index assesses the
prevalence of smoking, exercising, and eating fruit and vegetables. The Basic Access
Index includes perception of safety and access to housing and health care. The Work
Environment Index assesses job satisfaction, trust and respect in the workplace and,
unlike the other domains, it is collected only from the subset of respondents who report
being employed. Each domain is represented by an index, measured on a scale of 0 to
100. A composite score, the Well-Being Index (WBI), was calculated as the unweighted
mean of the 6 domain scores, and is reported on a scale of 0-100. Gallup surveyed a
unique sample of nearly 1000 individuals 18 years and older every day for
approximately 350 days during 2011. A structured sampling design was used with
respondents surveyed from all 50 states and the District of Columbia. The survey was
administered in both English and Spanish, using both land lines and cell phones. We
aggregated individual WBI responses into county scores based the maternal county of

residence. For our primary analyses, we used quintiles of county WBI scores as our
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independent variable; in secondary analyses, we used county-level quintiles for each of

the individual domain scores.

Other Independent Variables

From the NCHS birth dataset we included the following known maternal risk factors for
preterm delivery: age (categorized as <=19, 20-24, 25-29, 30-34, 35-39, 40+); race
(White, Black, Asian, American Indian/Alaska Native); Hispanic ethnicity; smoking
status; start of prenatal visits (1st trimester, 2nd trimester, 3rd trimester, none, not
known); and multiparity (single birth versus multiple). We also included infant sex, and,
as a marker of socioeconomic status, we included the maternal insurance payer

(Medicaid, private, self, other, unknown).

Statistical Analysis

We summarized the outcome, WBI score, and all maternal risk factors by quintile of
population WBI, reporting frequency and percent of births in each category. To assess
the association between population well-being and preterm birth, we estimated two
individual level mixed effects linear models. Both models had the same dichotomous
outcome (preterm birth) and both included a random intercept for county) Though
logistic regression models are conventional used for dichotomous outcomes, linear
probability models such as these are appropriate when the outcome rate is not close to
0 or 1, and the predicted values from the model are also between 0 and 1. One
advantage of using a linear model is that the intercept and coefficients have direct

interpretations as a reference rate and risk differences respectively. The first model
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was unadjusted, including only county quintile of population well-being. The second
adjusted for maternal age, race, ethnicity, smoking status, trimester during which
prenatal care was initiated, single or multiple birth, and insurance payer. For both
models we calculated the Wald P-value for the overall effect of WBI and a separate test
for trend in effects across WBI quintiles. In secondary analyses we replicated the main

analyses using each of the 6 domain scores of the well-being index.

We also estimated a reference model which included no independent variables, and
used the county level variance from this model to calculate the variance explained at the
county level for each of the models described above, using R? = ( 12 - 1*2)/12, where 1*?

is the county level variance for the model with independent variables.(29)

All analyses were performed using Stata 14.2 (2016 StataCorp, College Station, TX).

The Yale University Institutional Review Board approved this study.

Patient and Public Involvement: No patients or the public were involved in the

planning and design of this study.

RESULTS
We used data from 3,938,985 births across 2,989 counties, representing 99.6% of all
US births in 2011. The mean (SD) county-level preterm birth rate was 11.7% (2.2%)

preterm births. Table 1 shows numbers and percentages of children born before and
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For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 29

yBuAdod Aq parosrold 1sanb Ag 20z ‘8T |Udy uo jwod fwg uadolway/:dny woly papeojumod '6T0Z A8 T UO £ T20-8T0Z-uadolwg/9eTT 0T se paysiignd isiy :usdo NG


http://bmjopen.bmj.com/

Page 11 of 29

oNOYTULT D WN =

10

11

12

13

14

15

16

17

18

19

20

21

22

23

BMJ Open

after 37 weeks’ gestation, maternal characteristics, and infant sex by quintile of average

well-being of the maternal county of residence.

The observed rate of preterm birth decreased across WBI quintiles from 13.1% in the
lowest quintile to 10.9% in the highest quintile (Table 1). In the unadjusted model,
pregnant women living in counties with higher population well-being had a significantly
lower risk of preterm birth. -.2.2% (95% CI: [-2.6%, -1.8%]; p<0.001) (Table 2). After
adjusting for maternal risk factors for preterm birth, the trend remained consistent
across the quintiles; the absolute difference between the highest and lowest quintiles
was attenuated to -1.9% (95% CI: [-2.2%, -1.6%]; P<0.001). In sensitivity analyses,

results were similar.

In secondary analyses, independent associations between quintiles of each well-being
domain and preterm birth are reported in Table 3. Similar to the composite WBI score,
all domain scores were significantly associated with maternal risk of preterm birth, in the
unadjusted model and the model adjusting for individual maternal risk factors. Different
domains, however, explained different amounts of variance of well-being, with the basic
access index explaining 14.6% of the county variance. After adjusting for maternal risk
factors, women in counties with the highest basic access score experienced an absolute
difference in preterm birth rates of -2.4% (95%CI: [-2.2%,-2.6%]; p<0.001) when
compared with women in counties with the lowest basic access score. Similarly, the
average physical health score of the county within which a pregnant woman resided

was associated with lower rates of preterm birth, in both unadjusted and adjusted

11
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models (absolute difference in preterm birth rate: -1.9%, 95%CI: [-1.6%, -2.1%];
p<0.001). In the models adjusted for maternal risk factors, healthy behaviors (-1.5%,
95%Cl: [-1.2%, -1.8%]; p<0.001), emotional health (-1.0%, 95%CI: [-0.7%, -1.3%];
p<0.001), and life evaluation (-1.1%, 95%CI: [-0.8%, -1.4%]; p<0.001) of the county

population negatively correlated with risk of preterm birth.

DISCUSSION

In this study of nearly all births in the United States in 2011, we found that pregnant
women who lived in counties with higher average well-being had significantly lower risk
of preterm birth. After accounting for known maternal risk factors, including age, race,
ethnicity, smoking status, timing of initiation of prenatal care, multiparity, and payer type,
the absolute difference in maternal risk for preterm delivery between the highest well-
being counties and the lowest well-being counties was 1.9%. If this relationship is
causal, and if the lowest well-being counties experienced this reduced rate, they would
have had 3,077 fewer preterm births in 2011 alone, yielding an estimated financial
savings of nearly $160 million (30), in addition to fewer long-term consequences of
preterm birth such as infant mortality and long-term disabilities. Additional reductions in
preterm birth risk in counties from the middle well-being quintiles, which contributed

greater total numbers of births in 2011, would augment these benefits.

Decades of research have delineated a variety of maternal-level risk factors for preterm
delivery, including maternal age, smoking status, history of preterm delivery, and

socioeconomic status (SES) (2, 3, 31), while recent studies of environmental factors

12
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suggest that features of where a pregnant woman lives, including neighborhood
poverty, local access to healthy foods, and environmental exposures, additionally
influence her risk of preterm delivery (10, 11, 13, 14). Our study extends the existing
literature by leveraging a large national data sources to assess how a comprehensive,
multi-dimensional measure of population well-being, including the self-reported overall
quality of life, and its various domains relate to individual preterm birth risk across the
United States. In completing this study, we found that pregnant women were at lower
risk of preterm delivery when living in higher well-being populations than when living in
lower well-being populations, even when we accounted for maternal risk factors that are
highly correlated with SES, such as insurance payer, age at time of delivery, smoking
status, and timing of first prenatal visit (32, 33). This finding adds to the growing
literature describing the complex interactions between individuals and their local
environment, including natural, built, and social environments, and their combined

effects on health outcomes.

The relationship will identify could plausibly be causal through several mechanisms,
including reasons related to the social environment. Pregnant women who live in higher
well-being populations may experience less toxic stress, greater access to social
resources, higher levels of trust and tolerance, and/or a greater perception of safety.(16)
Prior research has shown that exposure to toxic stress increases the risk of preterm
delivery,(34-37) while stronger social support, less social isolation, and greater social
connectedness are associated with lower risk of preterm delivery, perhaps by reducing

the allostatic load or chronic stress experienced by pregnant women.(38-43)

13
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Additionally, while experiences of perceived discrimination are associated with
increased risk of preterm delivery, experiences of trust and tolerance as well as a
greater perception of safety may foster healthier pregnancies and term deliveries.(44-

46)

According to our results, pregnant women with the same individual maternal risk profile,

including factors associated with SES, experience lower risk of preterm delivery when

living in higher well-being populations than when living in lower well-being populations.

This finding is consistent with emerging epigenetics (13, 47, 48) and maternal
weathering (24, 29) literature. The maternal weathering model suggests that certain
populations of women have an increased risk of preterm delivery due to “accelerated
aging” that they experience as a result of greater exposure to hardship. This model
suggests that living in better neighborhoods might attenuate the increased risk
associated with these weathering effects.(49) It is possible that the observed risk
contributed by weathering and the risk mitigated by living in higher well-being
populations are actually related to underlying exposure to toxic stress and buffering

from factors such as trust, tolerance, social support, and perceived safety.

Our study also builds on prior literature that found links between living in areas of
greater poverty and increased risk of preterm birth. In the domain analyses, the basic
access domain demonstrated the strongest relationship with maternal risk of preterm
delivery. Even after adjusting for individual maternal risk factors, including insurance

provider and smoking, the basic access domain explained nearly 15% of county-level
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variance in preterm birth rates. The basic access index domain includes items that
assess perceived access to healthcare, clean water, fresh produce, and safe public
space as well as ability to afford basic needs such as food and shelter. This finding
affirms prior literature reporting that access to basic needs is strongly correlated with
health outcomes. Importantly, however, all domains contributed independently to the
inverse association between population well-being and maternal risk of preterm
delivery, though to varying degrees. Average county-level physical health, healthy
behaviors, and emotional health scores were associated with a one- to two-percent

lower maternal risk of preterm delivery.

The results of our study have several potential implications. Our findings suggest the
possibility that effective population- and community-level investments in well-being may
not only improve overall health and quality of life for populations, but also contribute to
reduced rates of preterm birth for pregnant women living in those populations, an idea
worth pursuing. Our domain analyses suggest that improving aggregate basic access,
in particular, could plausibly result in not only greater well-being but also fewer preterm
births. Targeting other domains, such as physical health, healthy behaviors, and
emotional health, may yield additional improvements. Importantly, the effectiveness of
various interventions will most likely depend on the contexts within which they are
implemented. Currently, efforts are underway across the globe to track and improve
population well-being through programmatic and policy-based interventions.(4, 6, 50-52)
While some interventions involve multi-sector, community-based programs, many of

which are government supported, other interventions involve changes in economic and
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social policies, such as those aimed at affordable housing, employment, and access to
public spaces for physical fitness or social connection.(16, 53, 54) Given the
relationship between population well-being and preterm birth risk, examining the
association of such programs and policies with preterm birth could be informative and
allow for spread of interventions that effectively increase well-being and reduce preterm

birth.

Our study has limitations. First, as a cross-sectional study, it cannot assess causation.
However, determining whether a relationship exists between population well-being and
risk of preterm birth is an essential first step. Second, this study specifically examines
how the average well-being of the adult population within which a pregnant woman lives
correlates with her risk of preterm delivery. Because we do not have an assessment of
the well-being of the individual pregnant women, we cannot determine how population
well-being may moderate the effect of women’s own well-being or other related
individual factors on their risk of preterm delivery. Additionally, we did not have data on
maternal income, wealth, or education level, so we could not directly adjust for these
socioeconomic variables. Nevertheless, we utilized available maternal-level variables
that are known to be associated with socioeconomic status as proxies in order to control
for the effect of socioeconomic status on preterm birth and isolate the effect of
community well-being. Finally, we did not have well-being data available at
geographically smaller units (e.g., neighborhood or city), which may be more relevant
than county well-being in describing the community context for an individual pregnant

woman. While counties are distinct from the smaller, often more homogeneous,
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geographic units of neighborhoods and census tracts, policies and programs are often
enacted at the county level. Thus, results may drive action at the county-level, while
also informing local communities in developing targeted programs to enhance well-

being.

Pregnant women who live in populations with higher well-being have lower risk of
preterm delivery, even after accounting for known individual maternal risk factors. The
well-being of a population is an important end itself, but if causal pathways exist
between population well-being and other valued outcomes, investments in population
well-being may yield other benefits, potentially including fewer preterm births.
Understanding the full effects of population well-being can inform the emerging dialogue

about its value as a health investment.
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Table 1. Gestational age at birth and maternal characteristics by maternal county quintile of composite Gallup-
Sharecare Well-Being Index (WBI) score

Wellbeing Index, mean (SD)

59.6 (2.9)

64.4 (0.8)

66.7 (0.7)

68.8 (0.7)

71.5(1.4)

181y :uado rING

67.6 (2.9)

Gestation age, N (%)
> 37 weeks
< 37 weeks

3,477,156 (88.3)
461,829 (11.7)

140,703 (86.9)
21,261 (13.1)

524,922 (87.4)
75,451 (12.6)

1,067,099 (88.0)
145,222 (12.0)

1,164,674 (88.5)
150,873 (11.5)

579,758 (89.4)
69,022 (10.6)

Mean maternal age, years (SD) 27.9 (6.0) 25.8 (5.7) 26.9 (5.9) 27.7 (6.0) 28.1 (6.1) 29.0 (5.9)

Maternal age in years, N (%)
<19 331,902 (8.4) 21,052 (13.0) 62,319 (10.4) 106,581 (8.8) 104,220 (7.9) 37,730 (5.8)
20-24 920,923 (23.4) 52,965 (32.7) 166,495 (27.7) 293,924 (24.2) 290,080 (22.1) 117,459 (18.1)
25-29 1,123,453 (28.5) | 46,793 (28.9) 174,750 (29.1) 346,867 (28.6) 372,171 (28.3) 182,872 (28.2)
30-34 983,831 (25.0) 28,202 (17.4) 128,213 (21.4) | 294,403 (24.3) 342,055 (26.0) 190,958 (29.4)
35-39 462,658 (11.7) 10,480 (6.5) 55,444 (9.2) 136,276 (11.2) 165,157 (12.6) 95,301 (14.7)
240 116,218 (3.0) 2,472 (1.5) 13,152 (2.2) 34,270 (2.8) 41,864 (3.2) 24,460 (3.8)

Maternal race, N (%)

White 3,010,346 (76.4) | 134,126 (82.8) | 437,875 (72.9) 923,217 (76.2) 1,027,093 (78.1) | 488,035 (75.2)
Black 629,998 (16.0) 21,510 (13.3) 124,793 (20.8) 214,219 (17.7) 188,715 (14.3) 80,761 (12.4)
American Indian/Alaskan 45,035 (1.1) 4,896 (3.0) 9,839 (1.6) 10,900 (0.9) 12,770 (1.0) 6,630 (1.0)
Native American 253,606 (6.4) 1,432 (0.9) 27,866 (4.6) 63,985 (5.3) 86,969 (6.6) 73,354 (11.3)
Asian
Mother is Hispanic, N (%)
No 2,996,684 (76.1) | 146,500 (90.5) | 492,335 (82.0) 897,455 (74.0) 940,278 (71.5) 520,116 (80.2)

Yes 942,301 (23.9) 15,464 (9.5) 108,038 (18.0) 314,866 (26.0) 375,269 (28.5) 128,664 (19.8)
Maternal smoking, N (%)

No 3,400,601 (92.4) | 123,008 (83.0) | 475,937 (88.5) 1,066,051 (92.4) | 1,175,513 (94.2) | 560,092 (94.8)

Yes 278,922 (7.6) 25,218 (17.0) 61,999 (11.5) 88,132 (7.6) 72,718 (5.8) 30,855 (5.2)

Missing 259,462 (7.1) 13,738 (9.3) 62,437 (11.6) 58,138 (5.0) 67,316 (5.4) 57,833 (9.8)

Payer, N (%)
Medicaid
Private
Self
Other
Unknown
Missing

1,462,567 (43.3)
1,559,450 (46.1)
135,125 (4.0)
165,507 (4.9)
57,360 (1.7)
558,976 (16.5)

72,640 (55.6)
45,482 (34.8)
5,327 (4.1)
5,623 (4.3)
1,575 (1.2)
31,317 (24.0)

265,707 (50.8)
202,817 (38.8)
19,694 (3.8)
23,798 (4.6)
10,515 (2.0)
77,842 (14.9)

487,403 (46.2)
451,072 (42.8)
43,835 (4.2)
54,736 (5.2)
18,064 (1.7)
157,211 (14.9)

451,382 (40.6)
537,882 (48.4)
46,824 (4.2)
57,700 (5.2)
18,085 (1.6)
203,674 (18.3)

185,435 (33.1)
322,197 (57.6)
19,445 (3.5)
23,650 (4.2)
9,121 (1.6)
88,932 (15.9)
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Timing of 1st prenatal visit, N (%)
1st- 3rd month
4th- 6 month
7t month-term
No prenatal visit
Unknown
Missing

2,417,154 (71.5)
657,371 (19.4)
144,107 (4.3)
47,479 (1.4)
113,898 (3.4)
558,976 (16.5)

88,922 (68.1)
29,131 (22.3)
6,899 (5.3)
1,854 (1.4)
3,841 (2.9)
31,317 (24.0)

357,044 (68.3)
114,187 (21.9)
25,691 (4.9)
9,102 (1.7)
16,507 (3.2)
77,842 (14.9)

807,186 (72.6)
210,748 (19.0)
46,204 (4.2)
16,223 (1.5)
31,512 (2.8)
203,674 (18.3)

413,275 (73.8)
98,924 (17.7)
20,853 (3.7)
5,337 (1.0)
21,459 (3.8)
88,932 (15.9)

Infant sex, N (%)
Female
Male

1,922,350 (48.8)
2,016,635 (51.2)

79,125 (48.9)
82,839 (51.1)

293,350 (48.9)
307,023 (51.1)

591,407 (48.8)
620,914 (51.2)

642,544 (48.8)
673,003 (51.2)

315,924 (48.7)
332,856 (51.3)

Multiple births, N (%)
Yes
No

136,209 (3.5)
3,802,776 (96.5)

4,789 (3.0)
157,175 (97.0)

19,735 (3.3)
580,638 (96.7)

41,606 (3.4)
1,170,715 (96.6)

45,599 (3.5)
1,269,948 (96.5)

24,480 (3.8)
624,300 (96.2)
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Table 2. Maternal risk of preterm delivery: overall and by county of residence aggregated by quintile of composite

BMJ Open

Gallup-Sharecare Well-Being Index (WBI) score, unadjusted and adjusted for maternal risk factors

Coefficient (95%

Variable cl) P Wald P Coefficient (SE) P Wald P
0.131 0.120
Intercept [0.128,0.134] <0.001 [0.118,0.123] <0.001
GHWBI score <0.001 <0.001
Q1 ref ref
Q2 - 0.001 <0.001
Q3 <0.001 -0.006 [-0.009,10<805%]1
Q4 -0.006 [-0.010,7048(%) -0.013 [-0.016,{0:01W)1
@5 -0.013 [-0.017,,0-0081 -0.014 [-0.017,{08LH!
-0.015 [-0.019,70.012] -0.019 [-0.022,10.016]
-0.022 [-0.026,10.018]
Maternal age
<19 ref
20-24 <0.001
25-29 -0.019 [-0.020,70<0100/1
gg-gg -0.021 [-o.ozz,-o(f)@1 1
> 40 -0.016 [-0.017,10 15
0.002 [0.000,0(003]
0.023 [0.021,0(025]
Maternal race
White ref
Black <0,001
American Indian/Native American 0.051 [0.050,0 Oé& 01
Asian 0.024 [0.021,0(0277001
0.011 [0.009,0}012]
Mother is Hispanic
No ref
Yes 0.015 <0.001
[0.014,0.015]
Maternal smoking
No ref
bes 0.030 [0.029,00%17°"
nknown
0.004 [0.002,0}007]
Payer
Medicaid ref
Private -0.019 (0.000) <0.001
Self -0.012 (0.001) <0.001
Other -0.013 (0.001) <0.001
Unknown -0.005 (0.001) <0.001
Timing of first prenatal visit
1st- 3rd month ref
4th- 6" month <0.001
7t month-term <0.001
No prenatal visit -0.019 [-0.020,{0<01R)1
Unknown -0.012 [-0.014,1050001
-0.013 [-0.014,10.011]
-0.005 [-0.008,10.002]
-0.004 [-0.006,10.003]
25
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Infant sex
Female ref
Male 0.011 <0.001
[0.010,0.011]
Multiple births
No ref
Yes 0.487 <0.001
[0.485,0.489]
R? 0.078 0.656
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<
(&
1 o
: :
3 1 Table 3. Maternal risk of preterm delivery by county of residence aggregated by quintile of individual Gallup- :_:
4 2 Sharecare Well-Being Index (WBI) domain scores, unadjusted and adjusted for maternal risk factors a
5 : - 2
. Unadjusted Model Adjusted Model
6 VentEllo Coefficient [95% Cl] P | WaldP | ooefficient[95% CI] = Wald &
7 Basic Access Index (BAI) <0.001 <0.008
8 Q1 ref ref 2
9 Q2 -0.012 [-0.016,-0.009] | .4 501 -0.009 [-0.012,-0.006] | _g 01 5
10 Q3 -0.021 [-0.024,-0.017] <0'001 -0.015 [-0.017,-0.012] <0'001 [
11 Q4 -0.027 [-0.031,-0.024] | _o'001 -0.019 [-0.022-0.016] | _ " 0 Q
12 Q5 -0.034 [-0.037,-0.030] | _5'001 -0.024 [-0.027,-0.021] <0.001 CB\,
13 R? 0.146 0.656 S
14 o]
15 Physical Health Index (PHI) <0.001 <0.001%,
16 Q1 ref ref 2
17 Q2 ' <0.001 0013 [0.015.0.010] | <0.001 5
. i : -0.013 [-0.015,-0. : N}
18 82 ?0'%(1)2 [[_8:815’_8,'883]] <0.001 -0.017 [-0.019,-0.014] | <0.001 R
19 Q5 0,017 [-0.020-0.013] <0.001 -0.019 [-0.021,-0.016] | <0.001 &
20 -0.019 [-0.023,-0.016] <0.001 <0.001 S
;; R2 0.059 0.657 z
23 Healthy Behaviors Index (HBI) <0.001 <0.00ﬁ
24 Q1 ref ref g
25 Q2 -0.003 [-0.007,0.001] -0.005 [-0.008,-0.002] -
s Q3 -0.008 [-0.011.-0.004] 061381 -0.010 [-0.013,-0.008] <8'881 o
Q4 -0.013 [-0.017,-0.010] | = -0.015 [0.017,-0.012] | =0. g
) >
27 Qs 0,017 [0.021-0013] | <0001 -0.015 [-0.018,-0.012] | <0.001 3
28 ’ ' ' & <0.001 <0.001 §
29 R? 0.039 0.654 a
30 o
31 Emotional Health Index (EHI) <0.001 <0.00E
32 Q1 ref ref _g
Q2 -0.011 [-0.014,-0.007] -0.010 [-0.013,-0.008] 2
33 Q3 -0.012 [-0.015.-0.008] | ~0-001 -0.011 [-0.014-0.009] | <0-001 S
34 Q4 -0.014 [-0.018.-0.010] | S0-001 0013 [0.016,0.010] | <0-001 2
[ ’ I | <0.001 <0.001 3
35 Q5 -0.012 [-0.016,-0.008] | Zo" 04 -0.010 [-0.013,-0.007] <0.001 2
36 ' ' p
37 R2 0.032 0.656 2
38 Life Evaluation Index (LEI) 0.004 <0.0013
39 3
40 Q1 ref ref S
Q2 -0.005 [-0.009,-0.001] -0.005 [-0.008,-0.002]
41 Q3 -0.006 [-0.009 -0.0021 | 0010 -0.008 [-0.011,-0.005] | <0-001 1
006 [-0.009,-0.002] | 5 504 1 2
42 ) ] ] - -0.010 [-0.013,-0.007] | <0.00 =
Q4 0.006 [-0.009,-0.002] | (04 <0.001 =
43 Q5 -0.008 [-0.011,-0.004] | c5 oo -0.011 [-0.014,-0.008] 0001 ®
. . N
44 N
45 R2 0.004 0.653 s
46 Work Environment Index (WEI) <0.001 <0.005
47 Q1 ref ref §
48 Q2 -0.007 [-0.011,-0.003] -0.008 [-0.010,-0.005] =
49 Q3 -0.008 [-0.012,-0.004] | <0-001 -0.009 [-0.011,-0.006] | <0.001 2
51 ' DR 0.002 0.001 o]
52 =
53 R2 0.016 0.653 E
54 3 2
55 4 g
56 -
57
58
59 27
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STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
— Abstract (Page 2, “Methods: We performed a cross-sectional study...”)
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found — Page 2

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
— Pages 4-5

Objectives 3 State specific objectives, including any prespecified hypotheses — Page 5, “...to
examine whether maternal risk of preterm birth varies with the overall well-being..”

Methods

Study design 4 Present key elements of study design early in the paper — Page 5, beginning of
methods

Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection — Pages 5-9

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants — Page 5-6
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable — Pages 6-9

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group — Pages 6-9

Bias 9 Describe any efforts to address potential sources of bias — Page 7-9

Study size 10 Explain how the study size was arrived at -- Page 6, I* paragraph of Study Sample

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why — Pages 7-9

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

Continued on next page

— Pages 7-9

(b) Describe any methods used to examine subgroups and interactions — pages 7-9

(c) Explain how missing data were addressed — Page 9

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy — N/4A

(e) Describe any sensitivity analyses — Page 9
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Results

Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and
analysed — Page 9
(b) Give reasons for non-participation at each stage — N/4, this was a population based study
at the county level
(c) Consider use of a flow diagram — N/4

Descriptive 14*  (a) Give characteristics of study participants (eg demographic, clinical, social) and information

data on exposures and potential confounders — N/4 unit of analysis was the county
(b) Indicate number of participants with missing data for each variable of interest — N/4
(c) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15*  Cohort study—Report numbers of outcome events or summary measures over time
Case-control study—Report numbers in each exposure category, or summary measures of
exposure
Cross-sectional study—Report numbers of outcome events or summary measures — Pages 9-
11 and Tables 1-3)

Main results 16  (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and
why they were included — Page 10-11 and Table 2

(b) Report category boundaries when continuous variables were categorized — A// tables

(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period — Na

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity
analyses — N/A

Discussion
Key results 18  Summarise key results with reference to study objectives — Page 11
Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.

Discuss both direction and magnitude of any potential bias — Page 15

Interpretation 20

Give a cautious overall interpretation of results considering objectives, limitations, multiplicity
of analyses, results from similar studies, and other relevant evidence — Page 11-15

Generalisability 21

Discuss the generalisability (external validity) of the study results — Page 11-15

Other information

Funding 22

Give the source of funding and the role of the funders for the present study and, if applicable,
for the original study on which the present article is based—Page 16

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.

For peer review only - http://bmjoper?.bmj.com/site/about/guidelines.xhtml

“ybuAdoo Aq parosiold 1sanb Aq 20z ‘8T |1Mdy uo ywod fwg uadolway/:dny wouy papeojumoq "6T0Z A8 T U0 £FTH20-8T0Z-uadolwa/9eTT 0T St paysiignd 1siy :uado CING


http://bmjopen.bmj.com/

