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ORIGINAL RESEARCH REPORT

Is Healthy Neuroticism Associated with Health Behaviors?
A Coordinated Integrative Data Analysis

Eileen K. Graham’, Sara J. Weston', Nicholas A. Turianof, Damaris Aschwandens,

Tom Boothl, Fleur Harrison', Bryan D. James™, Nathan A. Lewis'f, Steven R. Makkarf,
Swantje Muellertss, Kristi M. Wisniewskilll, Tomiko Yoneda!, Ruixue Zhaoyang"",
Avron Spiro™ 1T, Sherry Willis¥, K. Warner Schaie5s, Martin Sliwinskif,

Richard A. Liptonllll, Mindy J. KatZ!lll, lan J. Deary!, Elizabeth M. Zelinskill,

David A. Bennett™, Perminder S. SachdeVv", Henry Brodaty", Julian N. Trollor 1,
David Ames™, Margaret J. Wright™1, Denis Gerstorf$, Mathias Allemand''t,
Johanna Drewelies®, Gert G. Wagner#, Graciela Muniz-Terrerasss,

Andrea M. Piccinint, Scott M. Hofer'" and Daniel K. Mroczek™ !l

Current literature suggests that neuroticism is positively associated with maladaptive life choices,
likelihood of disease, and mortality. However, recent research has identified circumstances under which
neuroticism is associated with positive outcomes. The current project examined whether “healthy
neuroticism”, defined as the interaction of neuroticism and conscientiousness, was associated with the
following health behaviors: smoking, alcohol consumption, and physical activity. Using a pre-registered
multi-study coordinated integrative data analysis (IDA) approach, we investigated whether “healthy
neuroticism” predicted the odds of engaging in each of the aforementioned activities. Each study estimated
identical models, using the same covariates and data transformations, enabling optimal comparability
of results. These results were then meta-analyzed in order to estimate an average (N-weighted)
effect and to ascertain the extent of heterogeneity in the effects. Overall, these results suggest that
neuroticism alone was not related to health behaviors, while individuals higher in conscientiousness
were less likely to be smokers or drinkers, and more likely to engage in physical activity. In terms of
the healthy neuroticism interaction of neuroticism and conscientiousness, significant interactions for
smoking and physical activity suggest that the association between neuroticism and health behaviors
was smaller among those high in conscientiousness. These findings lend credence to the idea that healthy
neuroticism may be linked to certain health behaviors and that these effects are generalizable across
several heterogeneous samples.
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Introduction

Personality psychologists have long debated the notion
of ‘healthy neuroticism’. The idea that, under certain
circumstances, neuroticism can have a positive impact on
health is one that has intrigued personality and health
psychologists for decades. While most agree with the
validity of healthy neuroticism as an idea, few have agreed
on the precise ways that healthy neuroticism is related to
health or whether it is related to health at all (i.e., is it
really “healthy”?). The current project sought to pursue
the following research goals: 1) to examine whether
healthy neuroticism was associated with a number of
health behaviors, and 2) to establish the robustness
and replicability of these associations by comparing
effects from pre-registered coordinated models across
15 independent longitudinal studies. The current work
was completed as part of a larger, three-part paper
series project examining whether healthy neuroticism
is associated with health behaviors (the current project),
chronic conditions, and mortality.

Neuroticism and Health

Agrowingbody of literature suggests that high neuroticism
is associated with poor health outcomes. However, there is
some inconsistency in the effects. Some have proposed two
major paths (Friedman, 2000) through which neuroticism
might relate to health. On one hand, neuroticism could
lead to poorer health via anxiety-provoked maladaptive
behaviors. On the other hand, neuroticism could lead
to better health due to anxiety-provoked vigilance.
One approach to deepening our understanding of the
neuroticism-health associations is to examine factors
that influence the neuroticism-health associations. Some
studies have found that conscientiousness moderates the
associations between neuroticism and health, such that
individuals who are high in neuroticism and also high in
conscientiousness may experience more positive health
outcomes compared to those who have high in neuroticism
but low in conscientiousness (Turiano, Mroczek, Moynihan,
& Chapman, 2013; Turiano, Whiteman, Hampson, Roberts,
& Mroczek, 2012; Weston & Jackson, 2016). This combi-
nation of neuroticism and conscientiousness has thus
been labeled “healthy neuroticism”, though evidence that
the combination of traits leads to better health or health
behaviors is inconclusive (Graham et al., 2018; Weston,
Hill, Edmonds, Mroczek, & Hampson, 2018).

The health behavior model of personality posits that per-
sonality influences health and mortality indirectly through
the specific behaviors that individuals at various levels of a
given trait are more (or less) likely to engage in over their
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lifetimes (Murray & Booth, 2015). For example, individuals
high in conscientiousness may have better health outcomes
as they age due to regular doctor visits, healthy diet,
and a consistent physical fitness routine. Several studies
have found direct links between personality and various
health behaviors such as smoking (Graham et al., 2017,
Turiano, Chapman, Gruenewald, & Mroczek, 2015), alcohol
consumption (Hopwood, Baker, & Morey, 2008; Hopwood
et al., 2007; Turiano et al., 2015), and physical activity
(Graham et al., 2018). Additionally, research using mediator
models provides evidence that health behaviors serve
as mediators between personality and health outcomes
(Graham et al., 2018; Turiano et al., 2013, 2012; Weston
& Jackson, 2016). The behaviors an individual engages in
may influence health, which influences an individual's
life expectancy. Personality presumably influences each
of these pathways independently. As such, we focused
the current project on just one of these pathways, the
personality-health behaviors association. More specifically,
we focused on the moderating effects of conscientiousness
on the associations between neuroticism and health
behaviors.

Healthy Neuroticism?

The existence of healthy neuroticism has been debated for
closetotwodecades, beginningwith Friedman (2000,2019)
who introduced the idea that neuroticism, while often bad
for health, could also be beneficial in some circumstances.
An individual's level of neuroticism, combined with their
unique constellation of the other Big Five traits, can,
in theory, contribute to healthy or unhealthy choices.
The most common method of operationalizing healthy
neuroticism is as an interaction between neuroticism
and conscientiousness; in other words, the degree to
which predictive effects of neuroticism are moderated
by conscientiousness (Weston et al., 2018). A number of
studies have found that at high levels of conscientiousness,
high neuroticism is associated with lower odds of smoking
after disease diagnosis (Weston & Jackson, 2015), lower
odds of problematic alcohol consumption (Turiano et al.,
2012), and lower levels of inflammatory biomarkers
(interleukin-6) (Turiano et al., 2013). In contrast, further
research suggests that high neuroticism paired with
low conscientiousness is associated with greater odds of
risky behaviors (Vollrath & Torgersen, 2002). “Healthy
neuroticism” (Healthy N) has been defined in various
ways in the literature. For example, one study, which
operationalized healthy N using a neuroticism by
socioeconomic status by gender interaction, found that
high neuroticism was protective against cardiovascular

## Germany Institue for Economic Research, Berlin, DE

55 Univeristy of Edinburgh, Centre for Dementia Prevention,
Edinburgh, UK

i Northwestern University, Department of Psychology,
Evanston, IL, US

1199 University of Queensland, Queensland Brain Institute, AU

Corresponding author: Eileen K. Graham
(eileen.graham@northwestern.edu)


mailto:eileen.graham@northwestern.edu

Graham et al: Healthy Neuroticism and Health Behaviors

disease among high socio-economic status women
(Hagger-Johnson et al,, 2012). Another, defining healthy
N as the interaction of neuroticism and self-rated health,
found that neuroticism was protective against mortality
among individuals with lower self-rated health (Gale et al.,
2017). However, based on a single sample and a variety
of operationalizations of healthy neuroticism, Weston
and associates (2018) found no evidence that healthy
neuroticism is associated with health, health behaviors,
or biological markers of health. Together, these findings
suggest that neuroticism may lead to better health under
some conditions, though evidence is mixed.

As described above, existing research has applied a
variety of operational definitions of the healthy neuro-
ticism construct, but no studies have examined the
construct in relation to the same health outcomes, which
limits the ability to evaluate the replicability of results.
A more rigorous and systematic approach is needed to
understand whether healthy neuroticism is predictive
of health in adulthood. Coordinated integrative data
analysis (IDA) can help resolve this issue and clarify the
extent to which healthy neuroticism is related to behavior
and health by testing for these associations in multiple
independent studies simultaneously (Graham et al., 2017;
Hofer & Piccinin, 2009).

The Current Project
The current study is the third in a series of three studies
submitted together. These studies were the result of a
single, coordinated project involving multiple principal
investigators and research labs around the world. The goal
of this project was to rigorously analyze the evidence for
“healthy neuroticism,” narrowly defined as the significant
moderation of the neuroticism-health relationship by
conscientiousness. These analyses considered multiple
components of health, specifically behaviors, development
of chronic conditions, and mortality, following a lifespan
trajectory. Despite the coordination and similarity of
analyses among these three components of health, there
were notable differences between the studies, including
the datasets which could be used for the analysis, the
quantitative models applied, and the theoretical rationale
followed to link personality and health. Moreover,
synthesizing this project in a single manuscript would have
required over-simplification of critical details and decision
points along the way. As a result, the three components
were divided into three separate but linked manuscripts,
allowing for the requisite detail to be included in each.
The current project focused on one pathway in the
health behaviors model of personality: the association
between traits and health behaviors. Our primary aim was
to test the moderating effect of conscientiousness on the
neuroticism-health behavior association, with a focus on
smoking, alcohol consumption, and physical activity as
outcomes. The outcome health behavior variables were
selected because many studies assess these behaviors. A
current theme across the psychological sciences involves
the importance of research replicability (Condon, Graham,
& Mroczek, 2017; Nelson, Simmons, & Simonsohn, 2018;
Vazire, 2018); as discussed above, we acknowledge that
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while the idea of healthy neuroticism has face validity,
existing published findings examining the construct may
be inadvertently subject to publication bias. As such, in an
effort to mitigate potential publication bias, the current
project used a coordinated IDA approach to answer our
key questions (Graham et al, 2017; Hofer & Piccinin,
2009). We identified 15 existing longitudinal samples that
contained the appropriate data to test our hypotheses.
Fitting identical models to each sample individually,
then calculating meta-analytic summaries, provided the
opportunity to address both the extent to which our
hypotheses were supported, as well as the extent to which
these answers were replicated across many large sample
studies.

Research Questions and Hypotheses

The following overarching research questions were inves-
tigated: Is healthy neuroticism associated with health
behaviors? Does a consistent pattern of results emerge
across several longitudinal studies of aging? We hypo-
thesized that the relationship between neuroticism and
current smoking, drinking, or physical activity would vary
as a function of conscientiousness.

Coordinated Analysis

Coordinated analysis is a form of IDA that compares
identical models across multiple studies (Graham et al.,
2017; Hofer & Piccinin, 2009). The methods and measures
used in existing individual longitudinal studies are
typically heterogeneous; therefore, direct replications
are virtually impossible. As such, coordinated analyses
are conceptual replications: instead of harmonizing
across identical measures, coordinated analysis projects
use harmonized models, thereby allowing the exact
measurement of a given construct to vary. This approach
lends itself to greater generalizability and credibility of
results. Furthermore, variations in studies have long been
considered a constraint on the generality of findings in
longitudinal research (Simons, Shoda, & Lindsay, 2017). In
coordinated analysis, these differences can be a strength:
instead of regarding these study-level characteristics (e.g.,
cohort, measurement scale, country) as sources of error,
researchers have the option to test these differences
systematically as sources of heterogeneity.

Methods
Samples
We used the Integrative Analysis of Longitudinal Studies of
Aging and Dementia (IALSA) network to identify existing
data sets worldwide with the requisite data to test our
hypotheses. The IALSA network promotes access among
collaborating investigators to data that are not publicly
available and facilitates data-sharing agreements among
study sites. Studies with non-public data provided analyst
support. In total, 15 longitudinal studies had appropriate
data to address our research questions. See Table 1 for
study level descriptions.

The Berlin Aging Study II (BASE-II) consists of a
subsample of younger adults (20-35 years of age) and a
subsample of older adults (60—84 years of age) who were


https://www.maelstrom-research.org/mica/network/ialsa#/
https://www.maelstrom-research.org/mica/network/ialsa#/

Art.32, page4 of 18

Table 1: Descriptive Statistics.
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Study Country N Year  Age  Personality Smokers Alcohol Physical
Range Scale (%) (%)  Activity(%)
BASE-II Germany 1,613 2009 22-77 BFIS 12.00 3.00 68.00
EAS U.S. 799 2005 69-99 IPIP-50 4.00 76.00 67.00
ELSE UK. 8,832 2002 29-99 MIDI 12.00 1.00 94.00
HRS U.S. 19,242 2006 25-105 MIDI 15.00 6.00 94.00
ILSE Germany 482 1994 60-64 NEO-FFI 21.00 25.00 50.00
LBC1936 UK. 962 2006 67-71 IPIP 11.00 87.00 69.00
LBLS U.S. 1,361 1994  30-97 NEO-PI-R 9.00 64.00 45.00
MAP usS. 982 1997 56-100 NEO-FFI 1.00 1.00 87.00
MAS Australia 879 2005 70-91 NEO-PIR 4.00 88.00 84.00
MIDUS U.S. 4,009 1994 30-84 MIDI 14.00 4.00 97.00
NAS U.S. 899 1990 47-85 Goldberg 21.00 58.00 59.00
OATS Australia 536 1997 65-90 NEO-PI-R 6.00 4.00 89.00
ROS usS. 1,394 1994 56-102 NEO-FFI 2.00 0.00 79.00
SLS U.s. 1,194 2001 29-101 NEO-PI-R 4.00 9.00 87.00
WLS U.S. 10,723 1993  33-75 BFI 17.00 55.00 94.00

recruited from the greater metropolitan area of Berlin
(Bertram et al., 2013; Gerstorf et al., 2016). Starting in
2009, participants completed at least one personality
and health measure. For the current project, baseline was
defined as the first occasion at which a participant had
completed the personality measures. This ranged from
2009 to 2014, with the majority of participants starting
in 2009. A total of 1,613 (Mage =61.56, SDage = 16.58, 50%
female) participants completed personality and health
behavior measures.

The Einstein Aging Study (EAS) is an ongoing longi-
tudinal cohort study of cognitive aging and dementia,
beginning in 1993. Older adults who were at least 70
years of age, non-institutionalized, and English speaking
were systematically recruited from an urban, multi-ethnic,
community-dwelling population in Bronx County, NY.
Participants receive comprehensive annual medical and
neuropsychological evaluations (Katz et al., 2012). For the
current project, baseline was defined as the first time at
which participants completed the personality scales, ranging
from 2005 to 2016. A total of 799 (M__=79.01, SD =5.36,
61% female) participants completed personallty and health
behavior measures.

The English Longitudinal Study of Ageing (ELSA)
is an ongoing longitudinal cohort survey that collects
multidisciplinary information on older adults living
in England. Data collection began in 2002, and new
participants were added at waves 3, 4, 6 and 7 to maintain
size and representativeness (Marmot et al., 2017). Although
recruitment and biennial testing occasions commenced in
2002, personality assessment was administered in 2010
(wave 5), which is defined as baseline for the purposes of
this analysis. Face-to-face interviews, a computer assisted
personal interview, and self-completed questionnaires were

administered at every wave. A total of 8,832 (Magg = 66.31,
SD__ = 9.52, 56% female) participants completed person-
ality and health behavior measures.

The Health and Retirement Study (HRS) is an ongo-
ing longitudinal panel study that tracks retirement-age
adults in the United States. Data collection began in 1992,
with new cohorts added throughout the 1990s and 2000s
(Sonnega et al., 2014). For this analysis, baseline was
defined as the first time at which participants completed
the personality scales, ranging from 2006 to 2014.
Participants were assessed every two years regarding health
information. A total of 19,242 (Mage =66.27, SDage= 11.16,
59% female) participants completed personality and
health behavior measures.

The Interdisciplinary Longitudinal Study of Adult
Development and Aging (ILSE) is a multidisciplinary
longitudinal study initiated in 1993 investigating the
aging process of two German birth cohorts born between
1930-1932 and 1950-1952 (e.g., Aschwanden, Kliegel,
& Allemand, 2018; Sattler et al., 2015). For the current
analysis, individuals from the older cohort (i.e., born in
1930-1932) were included A total of 482 (M, = 62.51,
SD,,. = 096, 52% female) participants completed
personality and health behavior measures.

The Lothian Birth Cohort 1936 (LBC) consists of
surviving members of the 1947 Scottish Mental Health
Survey cohort. The 1936 birth cohort was recruited
between 2004 and 2007 by identifying individuals from
the original 1947 survey cohort who were residing in
Edinburgh and the surrounding areas (Taylor, Pattie, &
Deary, 2018). In total, 1,091 participants entered the
study. LBC baseline for the current analysis is defined as
the first wave of personality assessment, which took place
in 2006. A total of 962 (M, , = 69.50, SD, = 0.84, 51%
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female) participants completed personality and health
behavior measures.

The Long Beach Longitudinal Study (LBLS) started
in 1978 and consisted of an initial sample of 589 adults
aged 28-84 from California. Additional cohorts were
added in the second two waves of data collection (Zelinski
& Kennison, 2008). Participants were surveyed in 1994—
1995, 2000-2002, and 2008-2013. Personality was
assessed in 1994/1995 and 2000/2001. LBLS baseline
personality for the present study is the first time that the
NEO-PI-R was completed. A total of 1,361 (Mage = 68.97,
SD,,. = 13.35 54% female) participants completed
personality and health behavior measures.

The Memory and Aging Project (MAP) is a longitu-
dinal, epidemiologic clinical-pathologic cohort study
of common chronic conditions of aging with emphasis
on decline in cognitive and motor function and risk
of Alzheimer's disease. Participants are older adults
recruited from retirement communities and subsidized
senior housing facilities throughout Chicagoland and
northeastern Illinois. Participants, without known
dementia at baseline, agreed to annual clinical evaluation,
cognitive testing, and brain and other tissue donation
after death (Bennett et al, 2018, 2012). Enrollment
began in 1997 and is ongoing. Neuroticism was collected
at baseline since study start; conscientiousness and
extraversion were collected at baseline since 2008
(openness and agreeableness not collected). A total of
982 (M, = 79.85, SD, = 7.14, 76% female) participants
completed personality and health behavior measures.

The Sydney Memory and Ageing Study (MAS) is an
ongoing longitudinal cohort study of brain aging and
dementia in older individuals, who undertake medical,
neuropsychological and psychosocial assessments bienni-
ally. Individuals without dementia aged 70-90 and living
in the Australian community at baseline (between 2005—
2007) were randomly sampled through the electoral
roll (Sachdev et al,, 2010). A total of 879 (M, = 7871,
SD,, = 478, 46% female) participants completed
personality and health behavior measures.

The Midlife in the United States (MIDUS) Study
is an ongoing nationally representative study of 7,108
participants in the U.S. that began in 1994/1995, and has
since added two additional waves of data collection, in
2004/2005, and 2013/2014 (Brim, Ryff, & Kessler, 2004).
A total of 4,009 (M, = 56.19, SD,, = 12.37, 55% female)
participants completed personality and health behavior
measures.

The Veterans Affairs Normative Aging Study (NAS)
is a study of the medical and psychosocial aging among
U.S. men that is funded by the U.S. Department of Veterans
Affairs. The sample is based in the Greater Boston, MA
metro area and consists of 2,280 men enrolled 1961-1970,
who were on average 42 years old at enrollment (SD = 8,
range = 21-81) (Bosse, Ekerdt, & Silbert, 1984). Surviving
participants were examined every 3-5 years, depending
on age (until 1984 men under 52 were seen every 5 years,
and older men were seen every 3; since then all are seen
every 3 years) for follow up examinations. Personality
was assessed, by mail, for the current project, beginning
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in 1990. A total of 899 (M, = 64.45, SD, = 7.38, 0%
female) participants completed personality and health
behavior measures.

The Older Australian Twins Study (OATS) is a
multi-site longitudinal study of monozygotic (MZ) and
dizygotic (DZ) twins aged >65 years, with a cohort of
623 participants assessed at baseline, and is one of
the largest and most comprehensive studies of older
twins in Australia (Sachdev et al, 2012). The study
includes comprehensive psychiatric, psychological,
cognitive, cardiovascular, metabolic, and neuroimaging
assessments. A total of 536 (Magez 71.40, SDagez 5.54,65%
female) participants completed personality and health
behavior measures.

The Religious Orders Study (ROS) is a longitudinal,
epidemiologic clinical-pathologic cohort study of aging
and Alzheimer's disease that enrolls older Catholic nuns,
priests, and brothers from more than 40 groups across the
United States. Participants do not have known dementia at
baseline and agree to annual clinical evaluations, cognitive
testing, and brain and other tissue donation after death
(Bennett et al., 2018; Bennett, Schneider, Arvanitakis, &
Wilson, 2012). Enrollment began in 1994 and is ongoing.
NEO personality has been assessed at baseline since study
start. A total of 1,394 (M, = 75.95, SD, = 747, 71%
female) participants completed personality and health
behavior measures.

The Seattle Longitudinal Study (SLS) started in 1956
and has since collected data on close to 6,000 participants
in a cohort sequential design (Schaie, Willis, & Caskie,
2004). Participants were sampled randomly from members
of a large health maintenance organization in the Seattle,
Washington area. A total of 1,656 participants aged 26
to 101 completed at least one personality assessment
between 2001 and 2012. Baseline was defined as the first
time at which a participant had completed the personality
measures. For the health behavior and chronic conditions
projects, the 2001 personality assessment could not
be used because the corresponding health data were
missing. For these analyses, the earliest possible baseline
assessment was in 2005. A total of 1,194 (Mage = 66.45,
SD,,. = 14.33, 55% female) participants completed
personality and health behavior measures.

The Wisconsin Longitudinal Study (WLS) follows
a cohort of men and women who graduated from
Wisconsin high schools in 1957. Data from graduate
participants (N = 10,317) span almost 60 years from the
baseline assessment in 1957, with follow-up assessments
collected in 1967, 1975, 1993, 2004, and most recently
in 2011. In addition to the original cohort, subsequent
assessments included randomly selected siblings and
spouses of graduate participants (Herd, Carr, & Roan,
2014). Personality measures were first introduced in the
WLS in 1993, which served as the baseline assessment for
the present analyses. Health, demographic characteristics,
and other information were collected in the 1993, 2004,
and 2011 waves through in-person, mail, and telephone
surveys. A total of 10,723 (Mage =53.77, SDage =4.52, 54%
female) participants completed personality and health
behavior measures.
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Materials

Descriptive statistics for all studies/variables as well as
descriptions of variable collection/construction can be
found online.

Personality Traits

Each of the 15 samples included a baseline assessment of
the Big Five personality traits (neuroticism, extraversion,
opennesstoexperience, conscientiousness,agreeableness).
Seven studies used a version of the NEO (ILSE, ROS, MAP,
LBLS, OATS, SLS, MAS) (Costa Jr & McCrae, 1985), three
used the MIDI (MIDUS, HRS, ELSA) (Lachman & Weaver,
1997), two used a version of the IPIP (LBC1936 [IPIP50],
EAS) (Goldberg et al., 2006), one used the Goldberg (1992)
adjectives (NAS) and two (BASE-II, WLS) used the BFI (John
& Srivastava, 1999). For inclusion in the current project,
we required that studies had, at minimum, a baseline
assessment of neuroticism and conscientiousness (not
necessarily the full Big Five). Collectively, the measures
of personality traits used covered a wide range of narrow
constructs that are typically assessed by the broader Big
Five model. It is worth noting some systematic differences
between the scales. For example, the IPIP-50 measure of
conscientiousness included items assessing responsibility,
practicality, and thriftiness, but not self-discipline or
efficiency; in addition, the BFI measures competency
and achievement but not goal-striving. To some extent,
the differences in trait coverage across scales is an asset
to these analyses: a lack of notable differences in effects
would suggest that estimated relationships are robust
to type of scale, while significant differences may point
to specific mechanisms (i.e., narrower traits) which may
underlie and inspire investigation of causal mechanisms.
We provide a table of content measurement by scale
online and invite comparisons across these measures.

Health Behaviors

All health behaviors were assessed at baseline, which was
defined as the initial assessment of personality in each
individual study.

Smoking

The majority of studies assessed smoking behavior with a
single self-report item asking whether the participant is a
current smoker, with dichotomous response option (yes or
no). Common phrasing for this item was ‘are you currently
a smoker”, or ‘do you smoke cigarettes/pipes/cigars
currently”. This item was used across studies to construct a
smoking variable, assigning participants as either a current
smoker (1) or not (0).

Alcohol Consumption

Alcohol consumption behavior was assessed with self-
report items across all studies. Individual studies used
different approaches to ascertaining whether the
participant was currently a drinker. Some (HRS, ROS, MAP,
ILSE) used a simple yes/no response item for whether the
participant regularly consumed alcohol. Most (BASE-II,
EAS, ELSA, NAS, SLS, WLS, MAS, OATS, LBLS) asked for the
frequency with which participants regularly consumed
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specific sources of alcohol (e.g., wine, beer, liquor). For
these studies, individuals were coded as being a current
drinker if they consumed alcohol (or typically) consumed
alcohol in the past week or year.

Physical Activity

For all studies, a physical activity variable was constructed
that categorized participants as either regularly engaging
in physical activity (1) or not (0). Studies varied on their
method of assessing physical activity, but all were self-
report. Studies typically asked participants about the
frequency of physical activity (e.g., times per week), and
many also asked about the types (e.g., jogging, gardening,
home repairs) and intensity of activity (e.g., mild,
moderate, vigorous).

Covariates

Models estimated for the current project were adjusted
for age, education, gender, and the other personality
traits as applicable. For all studies, age was z-standardized
and centered at the baseline assessment of personality.
Sex was coded as 1 = Women, 0 = Men (note, NAS was a
male-only sample and as such did not adjust for gender).
For most studies (BASE-II, EAS, HRS, ROS, MAP, LBLS),
education was defined as the total number of years of
education at baseline. Some studies employed an ordinal
scale that assessed the highest degree earned (ELSA, ILSE,
NAS, WLS). Education was z-standardized within study.

Data analysis

We used R (Version 3.6.2; R Core Team, 2018) for all our
analyses and visualizations. Functions in the metafor
package (Version 2.0.0; Viechtbauer, 2010) were used to
estimate the overall effects and heterogeneity between
studies, as well as to create forest plots. The sjPlot package
(Version 2.6.1; Liidecke, 2018) was used to calculate
predicted values for each study and the ggplot2 package
(Version 3.0.0; Wickham, 2009) was used to visualize
effects. Analyses were pre-registered. While all data for this
project were collected prior to analysis, the analytic plan
was made prior to analysis of any data. The first author
decided which health behaviors to use as outcomes and
which variables to use as covariates. The second author,
who has analyzed the HRS data in prior publications, then
cleaned the HRS data, and created a randomly seeded
subset for which to write code, evaluate the inferential
models in R, and test for errors in both the individual
study analysis scripts and the meta-analysis script. This
R script created an output object containing meta-data,
descriptive statistics, statistics from the inferential models
and values predicted from the model for plotting. Analyses,
including scripts, were pre-registered at this point. After
pre-registration, individual data analysts downloaded the
inferential script to fit the models to their dataset. Output
objects were created and uploaded to OSF; the first
author then used the meta-analysis scripts to estimate the
average effect of healthy neuroticism on health behaviors
using these output objects. Study level moderators were
specified for the meta-analysis, including the personality
scale used and country of origin. All scripts and data


https://ialsaging.github.io/healthyn/
https://ialsaging.github.io/healthyn/scales.html
https://osf.io/m6fw7/register/5771ca429ad5a1020de2872e
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objects (not the data themselves, in order to comply with
data sharing agreements) are available on OSF (https://
osf.io/y3mzb/) (https://osf.io/y3mzb/?view_only=a70c7
e4d189e4d39a5b0805652f9e9dc).

The results reported below are the second of two pre-
registered versions of this project. The first, preliminary
version, was completed as part of a coordinated analysis
workshop in conjunction with the other papers in this
series. The second, final version, was completed after
the fact, due to a change in personnel. The original pre-
registration can be found here and differs in the following
ways: the MAP study was included, but no models
included the chronic condition covariates. The second
registration also contains more information for how the
individual study- and meta- analyses would be completed.
Preregistration and script development were conducted
by the first and second authors, who had seen the results
from the preliminary analyses. The pre-registration
contains a few lines throughout where the individual
study analysts had not yet identified the exact variable to
be used for the analyses, and as such is listed as “TBD"
in the pre-registration. This to-be-determined status was
restricted to the specific variable a study was using, and
in no way influenced the choice of construct measured or
data coding. While we would like to assure readers that
the results from the preliminary analyses did not inform
any data analytic decisions for the second registration, we
acknowledge that this is impossible to prove empirically
and as such, the results reported below should be
interpreted accordingly. Analyses and script development
were designed to most closely mirror models used in
the mortality and chronic conditions studies. All model
output and scripts can be found at OSF (https://osf.io/
y3mzb/) (https://osf.io/y3mzb/?view_only=a70c7e4d 18
9e4d39a5b0805652f9e9dc); the OSF page also includes
an archive folder containing all results and code from
the preliminary analyses to allow readers to compare the
results from this stage of analysis to the ones presented
here.

Individual Study Analysis

Concurrent relationships between the interaction of
neuroticism and conscientiousness and the likelihood of
engaging in smoking, alcohol consumption, and physical
activity were estimated using binary logistic regression. For
each behavioral outcome, we constructed the following
models: First (Model A), the predicted probability of
behavior by neuroticism and conscientiousness (i.e.,
partialled main effects of these traits). Second Model B,
the predicted probability of behavior by neuroticism and
conscientiousness and the interaction of these traits.
Third Model C, the predicted probability of behavior by
neuroticism and conscientiousness and the interaction
of these traits, controlling for age, gender, and education.
Fourth Model D, prediction of odds of behavior by
neuroticism and conscientiousness and the interaction
of these traits, controlling for age, gender and education
and the other Big Five personality traits (extraversion,
agreeableness, openness). Fifth (Model E), prediction of
odds of behavior by neuroticism, conscientiousness and
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age, and all possible two- and three-way interactions of these
variables, controlling for gender and education and any
other Big 5 personality traits (extraversion, agreeableness,
openness). The following results focus on the main effects
models for neuroticism and conscientiousness separately
(Model A), then the fully adjusted models (Model D), and
finally the models including age interactions (Model E) for
smoking, drinking, and physical activity. The inferential
decisions do not differ based on model choice, and in
models B, C, and D the differences between estimates are
all less than .02. We report Models D and E below, as they
provide the most robust test of our hypotheses. All models
used listwise deletion. Sample sizes for each model in each
dataset are presented in the relevant figure or table.

Meta-Analysis

The individual study analyses were aggregated and
summarized using random effects meta-analysis in the
metafor package of R (Version 2.0.0; Viechtbauer, 2010).
We estimated the average effect (weighted by N) of the
neuroticism by conscientiousness interaction for each
outcome. This calculation included an estimation of
heterogeneity in the effects between studies. The forest
plot shows the individual study effects, as well as the
meta-analytic summaries.

Power Analysis

Given the anticipated sample size, we did not believe a
power analysis was necessary with regards to our interac-
tion coefficient estimate, or the coefficient estimates
of neuroticism and conscientiousness. However, our
power to detect significant heterogeneity in effect sizes
between studies is unclear. We estimated our power using
methods described by Hedges and Pigott (2004). Based
on the within-study variability and number of studies,
we estimate that we are sufficiently able (power > .90) to
detect heterogeneity of at least a standard deviation (in
odds ratios) of .05 (corresponding 7 of .08). We note that
the majority of psychology meta-analyses find between
study variability between tau of 0 and .25 (Van Erp,
Verhagen, Grasman, & Wagenmakers, 2017). See also here
for the estimated power curves for each outcome.

Results

Figures 1 and 2 contain forest plots summarizing the
individual study estimates (in odds ratios), and the
average effect (weighted by N), and meta-analytic statistics
(I2, Cochran'’s Q) of the main effects of neuroticism and
conscientiousness. Figure 3 contains a forest plot of the
neuroticism by conscientiousness interaction. Model
results were very similar when adjusted for demographics
only (see supplemental material for forest plots) versus
the models adjusted for demographics and the full Big
Five. Below, we report the forest plots for the models
containing all of the covariates.

Healthy Neuroticism and Smoking

The main effect models indicate that neuroticism was not
associated with the odds of being a smoker (beta = 0.05,
OR = 105, 95% CI = [0.97,1.15], p = .244). Higher


https://osf.io/y3mzb/
https://osf.io/y3mzb/
https://osf.io/y3mzb/?view_only=a70c7e4d189e4d39a5b0805652f9e9dc
https://osf.io/y3mzb/?view_only=a70c7e4d189e4d39a5b0805652f9e9dc
https://osf.io/y3mzb/
https://osf.io/y3mzb/
https://osf.io/y3mzb/?view_only=a70c7e4d189e4d39a5b0805652f9e9dc
https://osf.io/y3mzb/?view_only=a70c7e4d189e4d39a5b0805652f9e9dc
https://ialsaging.github.io/healthyn/behavior_forest_intr.html
https://ialsaging.github.io/healthyn/behavior_forest_cov1.html
https://ialsaging.github.io/healthyn/behavior_forest_cov2.html
https://ialsaging.github.io/healthyn/behavior_smoker_predicted_age.html
https://ialsaging.github.io/healthyn/behavior_drinker_predicted_age.html
https://ialsaging.github.io/healthyn/behavior_active_predicted_age.html
https://ialsaging.github.io/healthyn/behavior_power_analysis.html
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Study Sample Size Odds Ratio [95% CI]
Smoking Status :

BASEII 1,608 = 0.93[0.79, 1.08]
EAS 797 —— 0.92[0.63, 1.34]
ELSA 8,832 - 1.08[1.01,1.15
HRS 19,125 B | 1.22[1. 17, 1.27
ILSE 480 = 0.87[0.69, 1.10
LBC 962 I 1.16 [0.93, 1.45
LBLS 1,341 —=—q 1.04 [0.86, 1.27]
MAP 974 — | 1.35[0.72, 2.51
MAS 874 — 0.44[0.29, 0.67
MIDUS 4,009 | 1.25[1.14, 1.36
NAS 899 = 1.12[0.97, 1.29
OATS 533 ——— 1.13[0.77, 1.66]
ROS 1,394 — 0.97 [0.62, 1.53
SLS 1,189 —— 1.13[0.80, 1.58
WLS 10,723 - 1.04 [0.98, 1.09
Overall 53,740 L 3 1.05[0.97, 1.15]
RE Model for smoking status analyses (Q = 64.80, df = 14, p = 0.00; I* = 83.7%) :

Alcohol Consumption :

BASEII 620  E— 0.87[0.53, 1.41]
EAS 798 b 1.07 [0.89, 1.28]
ELSA 8,647 == 1.04 [0.86, 1.26]
HRS 19,206 ] 1.12[1.06, 1.19
ILSE 351 —— 0.76 [0.59, 0.99
LBC 962 b 0.75[0.62, 0.91
LBLS 1,143 ey 0.91[0.81, 1.04
MAP 982 | 1.08 [0.56, 2.09]
MAS 879 ——v 1.05[0.84, 1.31
MIDUS 4,009 gy T— 1.32[1.14, 1.55
NAS 683 = 1.08[0.88, 1.32
OATS 535 P 1.09 [0.70, 1.69
ROS 1,394 —_—— 0.34[0.08, 1.41]
SLS 1,194 = 0.83[0.66, 1.05]
WLS 10,206 [ 3 0.92[0.89, 0.96]
Overall 51,609 L 3 0.98 [0.90, 1.08]
RE Model for alcoholic consumption analyses (Q = 62.33, df = 14, p = 0.00; I>= 79.8%) :

Physical Activity :

BASEII 1,564 e 0.88[0.79, 0.98
EAS 727 F—=—1 1.16 [0.97, 1.38
ELSA 8,832 e 1.00 [0.91, 1.09
HRS 19,238 - 0.90 [0.85, 0.96]
ILSE 477 i 0.72[0.59, 0.88
LBC 951 = 0.991[0.85, 1.15
LBLS 895 e 0.83[0.73, 0.95
MAP 981 = 1.02[0.83, 1.25
MAS 879 [ 1.14 [0.93, 1.38]
MIDUS 3,989 p—— 1.09[0.89, 1.34
NAS 756 = 1.03[0.88, 1.21
OATS 422 —— 1.23[0.86, 1.74
ROS 1,394 a 0.97 [0.85, 1.11]
SLS 1,176 = 0.91[0.75, 1.10]
WLS 10,587 - 0.79[0.72, 0.86]
Overall 52,868 ¢ 0.95[0.89, 1.02]
RE Model for physical activity analyses (Q = 46.98, df = 14, p = 0.00; I* = 73.1%) :

[ [ [ [ [ [ |
0 0.5 1 1.5 2 2.5 3
Observed Outcome

Figure 1: Forest Plot of Main Effect of Neuroticism, Associations with Smoking, Alcohol Consumption, and Physical

Activity.

conscientiousness was associated with lower odds of
smoking (beta = —0.07, OR = 0.93, 95% CI = [0.90,0.96],
p = <.001). The models with the interaction term
indicated that the neuroticism by conscientiousness
interaction was associated with odds of smoking. The
average effect for the overall interaction terms was
significant (beta = —0.04, OR = 0.97, 95% CI = [0.94,0.99],
p =.002), (P =0.00, Q = 890, df = 14, p = .838). The
middle two columns of Figure 3 show the effect of
neuroticism on odds of smoking for individuals who

are +/—1 SD of conscientiousness. The association of
neuroticism and odds of smoking appear to be lessened
at the higher end of conscientiousness, indicating that
being high in conscientiousness may be protective against
the association of neuroticism and smoking. The low
heterogeneity in the meta-analytic summary indicates
that, in general, the studies are consistent in these effects.
See Figure 4 to see the plotted predicted values of smoking
at high and low conscientiousness. We also tested the
three way interaction, to ascertain whether the healthy
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Study Sample Size Odds Ratio [95% CI]
Smoking Status

BASEII 1,608 ! 0.88[0.76, 1.02
EAS 797 —— 0.98 [0.67, 1.43
ELSA 8,832 o 0.92[0.86, 0.98
HRS 19,125 | 0.92[0.89, 0.96]
ILSE 480 = 0.93[0.74, 1.17
LBC 962 = 0.84 [0.67, 1.04
LBLS 1,341 = 0.89[0.73, 1.08
MAP 974 — | 1.35[0.69, 2.63
MAS 874 —— 0.76 [0.53, 1.09]
MIDUS 4,009 h: 0.90[0.82, 0.98
NAS 899 e 1.01[0.88, 1.17
OATS 533 —— 0.74[0.51, 1.08
ROS 1,394 —— 0.83[0.54, 1.29]
SLS 1,189 — 0.92[0.65, 1.30]
WLS 10,723 - 0.99 [0.94, 1.04]
Overall 53,740 ¢ 0.93[0.90, 0.96]
RE Model for smoking status analyses (Q = 13.86, df = 14, p = 0.46; I> = 20.2%) :

Alcohol Consumption :

BASEII 620 ——A 0.68 [0.44, 1.06
EAS 798 = 1.01[0.84, 1.21
ELSA 8,647 = 0.86 [0.72, 1.03
HRS 19,206 o} 1.01[0.95, 1.07
ILSE 351 — 0.96 [0.74, 1.23]
LBC 962 — 0.79[0.65, 0.97
LBLS 1,143 e 1.14[1.01, 1.30
MAP 982 P 1.05[0.53, 2.05
MAS 879 = 0.94[0.75, 1.17
MIDUS 4,009 [ 0.84[0.72, 0.97]
NAS 683 = 0.87[0.72, 1.06
OATS 535 — 0.74[0.48, 1.14
ROS 1,394 —_ 0.45[0.19, 1.11
SLS 1,194 b 0.85[0.67, 1.07
WLS 10,206 [ ] 0.97 [0.93, 1.01]
Overall 51,609 ¢ 0.93[0.87, 0.99]
RE Model for alcoholic consumption analyses (Q = 26.44, df = 14, p = 0.02; I> = 59.4%}

Physical Activity :

BASEII 1,564 o 1.06 [0.95, 1.18]
EAS 727 Do 1.46[1.22,1.75
ELSA 8,832 : = 1.69 [1.55, 1.83
HRS 19,238 : HH 1.70[1.61,1.79
ILSE 477 =i 0.83[0.68, 1.00
LBC 951 = 1.10[0.95, 1.28]
LBLS 895 e 1.40 [1.22, 1.59
MAP 981 = 1.24[1.02, 1.52
MAS 879 —— 1.20[0.99, 1.46
MIDUS 3,989 —— 1.19[0.98, 1.44]
NAS 756 = 1.07 [0.92, 1.26]
OATS 422 —— 1.09 [0.78, 1.52
ROS 1,394 = 1.16 [1.02, 1.33
SLS 1,176 f——v 1.21[1.00, 1.46
WLS 10,587 D 1.23[1.13, 1.33]
Overall 52,868 . @ 1.24 [1.12, 1.36]
RE Model for physical activity analyses (Q = 172.42, df = 14, p = 0.00; I* = 88.9%) :

[ I I I I I I
0 05 1 15 2 25 3
Observed Outcome

Figure 2: Forest Plot of Main Effect of Conscientiousness, Associations with Smoking, Alcohol Consumption, and

Physical Activity.

neuroticism interaction was moderated by age. The meta-
analytic summary indicates that there is a small effect
(beta = —0.05, OR = 0.95, 95% CI =[0.91,0.99], p = .017),
and this was consistent across studies (# = 13.47, Q = 12.90,
df = 14, p = .535). Given the lack of heterogeneity, we did
not test study-level moderators of this effect. In Figure 5,
it appears that the moderating effect of conscientiousness
on the neuroticism-smoking association varies across age
groups. The neuroticism by conscientiousness interaction
becomes less pronounced with each increasing age group,

indicating that the effect is primarily present among
younger adults.

Healthy Neuroticism and Alcohol Consumption

The main effect models indicate that neuroticism
is not associated with odds of alcohol consumption
(beta = —-0.02, OR = 0.98, 95% CI = [0.90,1.08], p = .722).
Higher conscientiousness is associated with lower odds
of alcohol consumption (beta = —0.07, OR = 0.93, 95%
Cl = [0.87,0.99], p = .028). The overall interaction effect
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Neuroticism Coefficient Interaction Coefficient
Study Sample Size -1SD Consc +1SD Consc Odds Ratio [95% ClI]
Smoking Status :
BASEII 1,608 0.95[0.75, 1.20] 0.95[0.80, 1.12] ] 1.00 [0.86, 1.16]
EAS 797 1.46 [0.83, 2.57] 0.97 [0.64, 1.46] = 0.66 [0.45, 0.97]
ELSA 8,817 0.99 [0.91, 1.08] 0.96 [0.90, 1.03] ] 0.97 [0.92, 1.02]
HRS 19,094 1.17 [1.11,1.23] 1.11[1.06, 1.16] ] 0.95[0.92, 0.99]
ILSE 480 0.91[0.64, 1.31] 0.92[0.70, 1.21] - 1.00 [0.81, 1.24]
LBC 962 1.06 [0.79, 1.41] 1.09 [0.84, 1.41] = 1.03 [0.86, 1.24]
LBLS 1,341 0.95[0.73, 1.24] 0.86 [0.68, 1.09] ey 0.91[0.79, 1.04]
MAP 646 1.45[0.53, 3.97] 1.35[0.68, 2.67] —— 0.93[0.52, 1.67]
MAS 874 0.55[0.30, 1.01] 0.49[0.31, 0.77] = 0.88 [0.54, 1.45]
MIDUS 4,007 1.14[1.02, 1.29] 1.12[1.02, 1.23] o 0.98 [0.91, 1.06]
NAS 899 1.10[0.87, 1.40] 1.10 [0.95, 1.29] e 1.00[0.87, 1.16]
OATS 533 0.84 [0.50, 1.41] 1.03 [0.64, 1.66] —— 1.23[0.83, 1.80]
ROS 1,394 0.95[0.53, 1.71] 1.02 [0.60, 1.73] —— 1.07 [0.75, 1.52]
SLS 1,189 1.13[0.75, 1.70] 1.11[0.77, 1.60] = 0.99[0.78, 1.25]
WLS 10,698 1.05[0.97, 1.14] 1.03 [0.97, 1.09] [ ] 0.98 [0.93, 1.03]
Overall 53,339 1.06 [1.00, 1.13] 1.02 [0.97, 1.08] [} 0.97 [0.94, 0.99]
RE Model for smoking status analyses (Q = 8.90, df = 14, p = 0.84; I>=0.0%) :
Alcohol Consumption :
BASEII 620 0.86 [0.45, 1.65] 0.84 [0.49, 1.43] —— 0.98 [0.62, 1.53]
EAS 798 1.07 [0.84, 1.37] 0.92[0.75, 1.14] b 0.86 [0.75, 0.99]
ELSA 8,633 1.08 [0.86, 1.36] 1.10 [0.90, 1.34] e 1.01[0.86, 1.19]
HRS 19,175 1.07 [0.99, 1.16] 1.14[1.07,1.21] [ ] 1.06 [1.01, 1.12]
ILSE 351 1.19[0.70, 2.01] 1.19[0.83, 1.71] —— 1.00[0.73, 1.39]
LBC 962 0.67 [0.50, 0.89] 0.80 [0.63, 1.00] = 1.19[1.02, 1.39]
LBLS 1,143 1.01[0.84, 1.22] 0.88 [0.76, 1.02] b 0.87[0.78, 0.97]
MAP 653 0.44[0.11, 1.83] 0.40[0.10, 1.59] p—— 0.90[0.47, 1.73]
MAS 879 1.26 [0.85, 1.88] 1.11[0.87, 1.41] = 0.88 [0.66, 1.15]
MIDUS 4,007 1.23[1.01, 1.51] 1.28 [1.09, 1.51] b 1.04 [0.90, 1.20]
NAS 683 1.04 [0.74, 1.46] 1.07 [0.86, 1.34] = 1.03 [0.83, 1.28]
OATS 535 0.60[0.32, 1.12] 0.87 [0.52, 1.48] F——7>  1.46[0.91, 2.35]
ROS 1,394 0.42[0.05, 3.55] 0.52[0.09, 2.91] p————» 1.25][0.36, 4.35]
SLS 1,194 0.77 [0.58, 1.03] 0.83 [0.64, 1.06] = 1.07 [0.90, 1.27]
WLS 10,181 0.92[0.87, 0.98] 0.96 [0.92, 1.01] n 1.04 [1.01, 1.09]
Overall 51,208 0.98 [0.89, 1.08] 1.00 [0.92, 1.09] ¢ 1.01[0.95, 1.08]
RE Model for alcoholic consumption analyses (Q = 25.28, df = 14, p = 0.03; I = 58.2%) :
Physical Activity :
BASEII 1,564 0.80 [0.68, 0.93] 0.84 [0.75, 0.94] F 1.06 [0.95, 1.17]
EAS 727 1.14 [0.89, 1.44] 1.08 [0.88, 1.32] b 0.95[0.81, 1.11]
ELSA 8,817 0.91[0.82, 1.01] 0.98 [0.88, 1.09] - 1.07 [1.00, 1.15]
HRS 19,207 0.83[0.77, 0.88] 0.87[0.81, 0.93] [ ] 1.06 [1.01, 1.11]
ILSE 477 0.66 [0.49, 0.90] 0.67 [0.53, 0.84] e 1.01[0.84, 1.20]
LBC 951 1.09 [0.89, 1.34] 1.20 [1.01, 1.43] 13 1.10[0.97, 1.23]
LBLS 895 0.85[0.70, 1.04] 0.78 [0.66, 0.92] 3] 0.911[0.82, 1.01]
MAP 653 1.14 [0.85, 1.54] 1.21[0.94, 1.56] F— 1.06 [0.87, 1.29]
MAS 879 1.29[0.92, 1.82] 1.20[0.97, 1.49] = 0.93[0.73, 1.19]
MIDUS 3,987 0.94 [0.73, 1.21] 1.03[0.83, 1.29] Fe 1.10[0.93, 1.30]
NAS 756 0.81[0.63, 1.06] 0.95[0.80, 1.13] = 1.17 [1.00, 1.37]
OATS 422 0.88 [0.56, 1.40] 0.93[0.61, 1.40] = 1.05[0.81, 1.35]
ROS 1,394 1.02 [0.86, 1.22] 1.07 [0.92, 1.24] b 1.04 [0.93, 1.16]
SLS 1,176 1.06 [0.83, 1.35] 1.09 [0.87, 1.36] = 1.020.88, 1.19]
WLS 10,562 0.89[0.80, 1.00] 0.90[0.82, 0.99] i 1.01[0.94, 1.09]
Overall 52,467 0.93 [0.86, 0.99] 0.97 [0.89, 1.05] ) 1.04 [1.01, 1.07]
RE Model for physical activity analyses (Q = 13.66, df = 14, p = 0.48; I> = 0.0%) :
1T 1T T 1
0 05 1 15 2
Observed Outcome

Figure 3: Forest Plot of Neuroticism by Conscientiousness Associations with Smoking, Alcohol Consumption, and

Physical Activity.

for alcohol consumption (Figure 3, middle rows) suggests
that there is not a neuroticism by conscientiousness
interaction predicting alcohol consumption behavior
(beta = 0.01, OR = 1.0, 95% CI = [0.95,1.08], p = .677).
These effects are fairly consistent across studies (P = 58.23,
Q=25.28, df = 14, p=.032). See Figure 6 for the plotted
predicted values of alcohol consumption at high and low
conscientiousness. Given the lack of heterogeneity, we did
not test study-level moderators of this effect. We tested
the three-way interaction with age, to ascertain whether

the healthy neuroticism interaction was moderated
by age, which it was not (beta = 0.03, OR = 1.0, 95%

=[0.99,1.08], p = 0.96), and this was consistent across
studies (= 0.00, Q= 10.33, df= 14, p=.738).

Healthy Neuroticism and Physical Activity

The main effect models indicate that neuroticism
was not associated with odds of physical activity
(beta = —0.05, OR = 0.95, 95% CI = [0.89,1.02], p = .131).
Higher conscientiousness was associated with higher
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Figure 6: Associations between Neuroticism and Odds of alcohol consumption, Moderated by Conscientiousness
(predicted probability), black line is the cross-study average.

odds of physical activity (beta = 0.21, OR = 1.24, 95%
Cl = [1.12,1.36], p < .001). The models for the interaction
indicate that there was an overall neuroticism by
conscientiousness interaction (beta= 0.04, OR = 1.04,95%
CI=[1.01,1.07], p=.003), and this association is consistent
across studies (* = 0.00, Q = 13.66, df = 14, p = .475).
The middle two columns of Figure 1 show the effect of
neuroticism on odds of physical activity for individuals
who are +/-1SD of conscientiousness. At the lower end
of the conscientiousness distribution (e.g., —1SD below
the mean), neuroticism was associated with lower odds
of being physically active (beta = —0.08, OR = 0.93, 95%
Cl = [0.86,0.99], p = .034). This suggests that being
higher in neuroticism is associated with poorer health
choices (e.g. sedentary lifestyle) among individuals who
are also low in conscientiousness. At the higher end of
conscientiousness, there is not an association between
neuroticism and physical activity, suggesting that
conscientiousness may ameliorate the negative impact
of neuroticism on physical activity (and thus provides
evidence for healthy neuroticism). The low heterogeneity
in the meta-analytic summary indicates that, in general,
the studies are consistent in these effects. Given the lack
of heterogeneity, we did not test study-level moderators of
this effect. See Figure 7 for the plotted predicted values
of activity at high and low conscientiousness. The meta-
analytic summary for the three-way interaction with age
indicates that there is no effect (beta = —0.01, OR = 0.99,
95% CI = [0.94,1.04], p = .670), and this was consistent
across studies (P = 0.00, Q = 7.52, df = 14, p = 913).
This suggests that the neuroticism by conscientiousness
interaction on physical activity is the same across age.

Discussion

This coordinated analysis found evidence that high
neuroticism, when paired with high conscientiousness, is
related to specific healthy behaviors. We found associations
for smoking behavior and physical activity, but not for
alcohol consumption. The current project conceptually
replicated analyses using 15 longitudinal data sets with
a total N of nearly 54,000 to investigate the associations
between healthy neuroticism and health behaviors. Each
study transformed their data identically to the extent
possible and estimated the same models. Our goal was to
ascertain whether the neuroticism by conscientiousness
interaction could be detected using a very simple
modeling paradigm based on cross-sectional data. We
focused on baseline levels of both personality and health
behaviors. We focused our results on the meta-analytic
summaries, which provided an overall effect across the
studies, and an estimate of the consistency (homogeneity)
of these effects. The estimates of heterogeneity in each
model were all quite small, indicating that the effects
were relatively similar across studies.

Results indicate that at low levels of conscientiousness,
odds of smoking increase and odds of being physically
active decrease for individuals with higher levels of neuro-
ticism. At high levels of conscientiousness, this pattern
is not present, suggesting that higher conscientiousness
ameliorates the negative impact that neuroticism has
on smoking and activity behavior. A significant three-
way interaction suggests that these effects are further
moderated by age for smoking, but not for alcohol
consumption or physical activity. The pattern of the
interaction suggests that the effect of neuroticism on
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smoking behavior at higher levels of conscientiousness
is strongest at younger ages. Among highly conscientious
older adults, neuroticism is associated with decreased odds
of smoking. From a lifespan perspective, the observed
interaction with age could be related to the idea that older
adults have typically outgrown the sense of immortality of
youth and are more anxious of how their behaviors may
impact their health (Shanahan, Hill, Roberts, Eccles, &
Friedman, 2014), and make decisions about their health
behaviors accordingly (as evidenced by the primarily
negative sign in age effects on behaviors across studies).

Overall, the effects we detected were relatively small.
Within each individual study, the estimates were all very
close to null (1.00 in odds ratio terms). The aggregated
effects were weighted by sample size, and were still
relatively close to zero, but were statistically significant
for smoking and physical activity. Since three outcome
measures were used to test the overall hypothesis, we
thus had three opportunities to reject the null hypothesis.
In the case of the current results, we would make the
decision to reject the null for two of the three outcomes.
As a matter of prudence, using a more conservative alpha
(e.g., .01) would help account for this multiple testing
problem, and using this more conservative criterion leads
to the same conclusion. Overall, we conclude that while
the effects are small, healthy neuroticism does appear to
be related to health behavior.

The coordinated analysis approach to IDA is an
increasingly accepted form of establishing the replicability
of effects using existing data (Graham et al., 2017; Hofer &
Piccinin, 2009; Weston, Graham, & Piccinin, 2019). Our use
of coordinated analysis attempted to overcome some of

the limitations of inferences obtained from single-sample
studies, including uncertainties with regard to effect size
estimates, as well as the consistency and generalizability
of obtained effects. Additionally, the coordination and
planning of theoretically derived models prior to data
analysis ensured that we did not make post-hoc analysis
decisions based on results, but rather used a theory driven
approach to planning and executing the statistical models.
Our pre-registered data transformation and analysis plan
ensured that we adhered to our pre-planned analysis.

While the current project used only a cross-sectional
portion of the participating data sets, this project is
one of a three-paper series, the others of which use
longitudinal data to explore whether healthy neuroticism
was associated with disease incidence and mortality.
These three papers together provide compelling evidence
regarding the role that healthy neuroticism plays in the
health behavior model of personality. Namely, although
healthy neuroticism may impact some health behaviors,
there is not a direct effect of healthy neuroticism on
disease incidence or mortality (see Weston et al., and
Turiano et al., in this series).

We acknowledge several limitations of our project. One
limitation is the variation in measurements across all
variables. With different scales used to assess the Big Five,
and different wording of items to assess smoking, alcohol
consumption, and physical activity behavior, the current
project is not a direct replication but rather a conceptual
replication. However, variations in key features of datasets
can reinforce results in a coordinated analysis (Hofer &
Piccinin, 2009). Consistency in findings across datasets, in
spite of measurement differences, suggests that the effect
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of healthy neuroticism on health behaviors is robust
and is not limited to a single methodological approach.
Detection of consistent effects across samples of varying
ages, countries, and start year are further indications of
the generalizability of these effects. The current project
also limited analyses to baseline measurements of both
the independent and outcome variables, resulting in the
inability to make any longitudinal inferences. Next steps
could test whether healthy neuroticism is longitudinally
associated with incidence (e.g., starting smoking), main-
tenance (e.g., continuing a physical activity program), or
cessation (e.g., quitting alcohol consumption) of health
behaviors. Further, the current project defined healthy
neuroticism as the interaction between neuroticism
and conscientiousness. Future studies should also seek
to understand healthy neuroticism using different
operational definitions such as higher-order traits, the
interaction between neuroticism and subjective health, or
possibly trait by stimulus interactions.

Constraints on generality
The set of studies used in this coordinated analysis is not
comprehensive. The included studies are largely WEIRD
samples (i.e., Westernized, Educated, Industrialized,
Rich, and Democratic; Henrich, Heine, & Norenzayan,
2010). As such, our results may not generalize to Eastern
cultures or less-industrialized countries. Additionally, we
also cannot confidently conclude that our results would
generalize to disadvantaged populations within the
cultures studied here. Results may also be limited to the
health behaviors that we studied, and may not generalize
to other health behaviors such as diet/nutrition, other
drug use, or sleep behavior. We believe these results
would generalize to measures of personality that were
not used in the present study, as there was little evidence
that the present scales yielded different conclusions from
each other, and we have no reason to believe these scales
vary in systematic ways from other scales. We also believe
that these results are likely to generalize over time, as
both the personality and health measurements varied
across time within this project, and the behaviors studied
hereare fairly stable over time (Greenfield & Kerr, 2003;
Weinberger, Pilver, Mazure, & McKee, 2014); thus, these
results would be expected in samples collected in the past
and also the foreseeable future. Model generalizability
is constrained by the fact of missing data in these
models. For any longitudinal panel study, attrition
causes bias in the results. Given that the first occasion
of personality assessment did not always occur at the
study’s initial measurement occasion, it may be the case
that participants who become ill or die between waves
may be missing, thus selecting out the most extremely
ill cases. Additionally, certain personality characteristics
(notably, agreeableness and openness; (Salthouse, 2013))
are associated with repeated participation in longitudinal
studies, and so we may lose participants low in these
traits from the sample over time.

The current study was limited by the data available.
All measures were self-reported. The current study used
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binary coding to harmonize measures of health behaviors
across studies. This choice was made to compare results
across countries and measures of personality; however, we
are unable to distinguish between different frequencies of
use within a behavior (e.g., light vs. moderate vs. intense
physical activity). It is possible that healthy neuroticism
may explain differences in engaging in health behaviors,
and also in the frequency of that behavior, and we would
be unable to see this effect in the current analyses.

The current study, along with the others in this series,
estimated population-level relationships between
constructs through the coordinated analysis approach.
One benefit of coordinated analysis is the ability to
compare methods of data collection or cohorts to find the
boundary conditions of an effect (Hofer & Piccinin, 2010).
However, we found limited evidence of heterogeneity of
effects across data sets. The observed effects of neuroticism
and conscientiousness on health behaviors were similar
across studies in different cultures, with different measu-
res of personality, and across different time spans. This
underscores our conclusion that the relationship of
neuroticism to concurrent health behaviors is related to
levels of conscientiousness.

Conclusion

Our results indicate that healthy neuroticism is associa-
ted with health behaviors. Individuals who were high
in neuroticism and low in conscientiousness were more
likely to engage in unhealthy behavior, but this association
was ameliorated among individuals with higher
conscientiousness. Neuroticism may, in some contexts,
be related to lower odds of engaging in maladaptive
behavior. The current study is the third of three studies
rigorously testing the healthy neuroticism hypothesis.
The conclusions of the current study stand in contrast to
the prior two, which found that the relationship between
neuroticism and mortality and the relationship between
neuroticism and chronic condition status and development
do not differ across levels of conscientiousness. Together,
the three studies in this coordinated project suggest that
while it may be true that so-called healthy neurotics
engage in slightly better health behaviors, this effect is not
substantial enough to impact overall health.
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