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ABSTRACT
Historically, much attention has been paid to the potentially harmful effects of
unhealthy behaviors and poorly regulated emotion on cardiovascular health, but a
growing area of research focuses on whether positive psychological states, such as
vitality, may also affect cardiovascular risk. Vitality—characterized by feelings of
aliveness and energy—has been theorized to reduce risk for development of
cardiovascular disease by a) directly regulating biological systems, and indirectly, by
regulating negative emotional states that may lead to poor physiological responses.
Existing literature focuses on prospective cardiovascular outcomes, but the current
studies examine ways in which vitality may relate to cardiovascular health prior to
development of cardiovascular disease. The current project extends existing literature by
assessing the relationship between vitality and blood pressure, an informative, short-term
indicator of cardiovascular health. Two studies hypothesized that vitality would provide
more effective regulation of blood pressure in two different contexts. Study I (N = 126)
examined the hypothesized relationship between vitality and blood pressure within the
context of a laboratory stress paradigm. Vitality was measured upon entrance to the
laboratory, and blood pressure was measured before, during, and after a speech task.
Following a model proposed by Kuzbansky and Thurston (2007), vitality was
hypothesized to directly, and also “indirectly” through the reduction of cognitive and
somatic anxiety about the stress task, predict more highly regulated reactivity and faster
recovery from a psychosocial stressor. Results failed to support predictions: vitality did
not predict patterns of blood pressure reactivity and recovery to a stressor, directly nor
indirectly. Study II (N = 100) utilized ecological momentary assessment to investigate the
hypothesized relationship between vitality and blood pressure in daily life. Participants
completed daily measures of vitality and perceived stress, and ambulatory blood pressure
was captured every four hours. In support of the hypotheses, vitality and perceived stress
emerged as a significant predictors of blood pressure across time, suggesting that vitality
may directly and indirectly affect blood pressure. These findings add to a growing area of
research that suggest vitality as an important factor in cardiovascular health. Limitations
and implications for future research are discussed.
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INTRODUCTION
“Vitality and beauty are gifts of Nature for those who live according to its laws.”
– Leonardo DaVinci

Decades of research focus on the detrimental effects of poor lifestyle behaviors
(e.g., physical activity, diet, smoking) on cardiovascular health. Research has also long
considered the role of psychopathology and poor emotional regulation in the
development of cardiovascular disease (CVD). But a more recent shift in the literature
places importance on positive psychosocial experiences that may protect and promote
physical health (Pressman & Cohen, 2005, Diener & Chan, 2011; Rozanski, Blumenthal,
Davidson, Saab, & Kubzansky, 2005). An emerging area of research demonstrates the
protective capability of positive mental states (e.g., optimism, life purpose, positive
emotion, vitality) against pre-mature mortality due to cardiovascular disease (CVD;
Giltay, Geleijnse, Zitman, Hoekstra, & Schouten, 2004; Kuzbansky, Sparrow, Vokonas,
& Kawachi, 2001; Kuzbansky & Thurston, 2007; Richman, Kuzbansky, Maselko,
Ackerson, & Bauer, 2009), which refers to two of the leading causes of death in the
United States: coronary heart disease (CHD) and stroke (Boehm & Kuzbansky, 2012;
Heron et al., 2009; Virani et al., 2020). These results, in tandem with the shift in focus
from the detrimental effects of negative psychological constructs toward more beneficial,
positive constructs (Boehm et al., 2020), lay the foundation for studies investigating
positive emotional experiences and their relation to cardiovascular pathways to health
(Kuzbansky & Thurston, 2007; Koizumi et al., 2008; Shirai et al., 2009; Tindle et al.,
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2009). Of particular interest to the current work is the construct of vitality, which has
been exclusively linked to a number of cardiovascular health outcomes (Boehm et al.,
2011; Kuzbansky & Thurston, 2007; Rozanski & Cohen, 2017).
A review by Rozanski and colleagues (2005) identified vitality as a psychosocial
factor essential in the promotion of cardiovascular health and the prevention of disease
risk. Several studies establish the connection between vitality and lowered risk for
adverse cardiovascular outcomes (e.g., Boehm et al., 2011; Kuzbansky & Thurston,
2007; Richman et al., 2009); however, the specific pathways by which vitality may
protect against cardiovascular risks have yet to be determined. The current studies begin
to investigate mechanisms through which vitality may protect against disease risk by
assessing the relationship between vitality and blood pressure, an indicator of
cardiovascular health. Specifically, vitality is predicted to correspond to changes in blood
pressure, reflecting the direct and indirect effects of vitality level on the regulation of
cardiovascular activity. The following sections outline the construct of vitality and the
relationship between vitality and cardiovascular activity, first defining vitality in terms of
health and transitioning into vitality’s theorized relationship to blood pressure.
Vitality
Everyone experiences times where they feel dead and drained, and other times
where they feel alive and invigorated. This subjective feeling of both physical and mental
aliveness is often referred to as vitality (Ryan & Frederick, 1997; Nix, Ryan, Manly, &
Deci, 1999). Though often used interchangeably with physical activeness or caloric
energy, vitality is also rooted in psychological experience, possessing both physical and
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psychological properties (Ryan & Frederick, 1997). Folk wisdom suggests vitality to be
one’s inner source of life and physical health, prevalent in many quotes of writers and
artists, such as the quote at the beginning of this chapter. A simple internet search on the
term “vitality” locates many different businesses, products, and supplements that promise
health and longevity (e.g., Vital Protein’s “Vitality” Immune Booster, Sothy’s “Vitality
Youth” facial cream and “Vitality” lotion, Oral-B’s “Vitality” toothbrush). Additionally,
vitality has been the target of many wellness programs and interventions in schools
(Mouratidis, Vansteenkiste, Sideridis, & Lens, 2011), in the workplace (Hendriksen,
Bernaards, Steijn, & Hildebrandt, 2016), in sports (Adie, Duda, & Ntoumanis, 2008;
Salama-Younes, 2011), and even in the general public (Metropolitan Government of
Nashville and Davidson County, Tennessee, 2018). Many historical teachings and
traditions also endorse an internal source of energy that stimulates mental and physical
performance (Cleary, 1991; Peterson & Seligman, 2004). Within research, psychological
theorists include the idea of a vital resource in models of energy and health-outcomes,
such as that of Hans Selye’s (1975) model of stress. More recent theory considers vitality
to be an integrated index of somatic and psychological functioning, useful in predicting
overall health and wellbeing (Gunnell, Mosewich, McEwen, Eklund, & Crocker, 2017;
Peterson & Seligman, 2004; Rozanski et al., 2005). In a recent review, vitality is
considered to be the “fuel for everyday living,” crucial in many areas of physical and
mental health (for a review, see Lavrusheva, 2020). Specifically, vitality is related to
increased self-control (Muraven, Gagńe, & Rosman, 2008), better emotional functioning
(Penninx et al., 1998), higher motivation toward proactive behaviors (Lam, Spreitzer &
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Fritz, 2014), and decreased feelings of anxiety (Kark & Carmeli, 2009, Niemiec et al.,
2006). In other words, vitality is deemed an essential part of well-being necessary for
emotional and physiological regulation (Gunnell et al., 2017).
Vitality is conceptualized in many different ways (e.g., as an experience, a state, a
resource), yet existing literature has not pinpointed a concise operational definition of the
construct. The findings of existing research on the beneficial outcomes of vitality on
physical health, however, are hard to ignore (Lavrusheva, 2020; Reis, Sheldon, Gable,
Roscoe, & Ryan, 2000; Sheldon, Ryan, & Reis, 1996; Thayer, 1987). Vitality stimulates
physiological regeneration and restoration, accelerates recovery, and enhances physical
functioning (Greenglass, 2006; Gunnell et al., 2017; Peterson & Seligman, 2004;
Rozanski et al., 2005; Smith & Lloyd, 2006). Vitality is also illustrated to improve sleep,
increase energy levels, and decrease bodily pain (Myers et al., 1999). Overall, vitality is
revealed to hold an array of benefits in terms of mental and physical health outcomes that
are protective against decline of physical health (Benyamini, Idler, Leventhal, &
Leventhal, 2000; Penninx et al., 2000; Ryan et al., 2008).
Vitality and Cardiovascular Flexibility
Vitality also shares a strong relationship with cardiovascular health. A review by
Rozanski and colleagues (2005) identified vitality as an important factor that may
promote health and dampen risk for development of coronary heart disease (CHD), a type
of cardiovascular disease. Since that review, accumulating evidence illustrates that high
levels of vitality lead to decreased incidence of coronary heart disease, stroke, and
hypertension (Kubzansky & Thurston, 2007; Lambiase, Kubzansky, & Thurston, 2015;
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Trudel-Fitzgerald, Boehm, Kivimaki, & Kubzansky, 2014). Vitality is thought to
contribute to health outcomes by fueling flexible and controlled responses when faced
with stress (Rozanski & Cohen, 2006; Rozanski et al., 2005; Tintzman, Kampf, & JohnHenderson, under review). From this perspective, vitality is akin to Selye’s (1956)
“adaptation energy,” which is theorized to provide energy necessary for the resistance of
stressors, almost like a “fuel” or “battery.” However, when such energy is completely
depleted, Selye claimed that individuals cannot regulate in the presence of additional
stressors, eventually causing wear-and-tear, a state linked to risk for disease and
increased mortality rate (McEwen, 2006; Selye, 1959). Low levels of vitality escalate
one’s inability to flexibly respond to subsequent stress, contributing to vital exhaustion, a
state linked to coronary heart disease (Rozanski & Cohen, 2017). Consequently, vitality
has been identified as an important psychosocial risk factor that may promote
cardiovascular health and reduce disease risk (Rozanski et al., 2005).
Though vitality is an established predictor of cardiovascular disease (e.g.,
Rozanski et al., 2005), less is known about the pathways by which vitality relates to
cardiovascular risk. In a model proposed by Kuzbansky & Thurston (2007), vitality may
influence cardiovascular outcomes via three specific pathways: a) by directly affecting
biological systems (e.g., blood pressure reactivity), b) by promoting healthy behaviors
(e.g., exercise), and/or c) indirectly through the regulation of negative emotional
responses to stress. Although each pathway is logically viable, it is more likely that these
pathways act in aggregate, influencing cardiovascular health both directly and indirectly.
In other words, it is possible that vitality may provide more flexibility to the biological
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systems in response to stress, leading to more regulated cardiovascular responses. It is
equally likely that vitality allows more regulation of psychological states associated with
the stress response, which may provide secondary regulation of physical responses. It is
also likely that vitality may provide energy and motivation toward healthy behaviors that
may reinforce lower cardiovascular risk. The current studies will focus attention on the
direct biological effects of vitality, specifically on blood pressure, while also
understanding that vitality may indirectly drive biological responses through the
regulation of negative emotion. Evidence linking vitality and blood pressure, whether it
be via a direct biological pathway or an indirect pathway via the regulation of
psychological states would solidify evidence of vitality as an important psychosocial risk
factor against cardiovascular risk.
Blood Pressure as a Marker for Cardiovascular Risk
For decades, resting blood pressure has been recognized as a useful indicator of
cardiovascular health and future disease risk. According to the American Heart
Association (2020), normal blood pressure is considered to be around 120/80 mm Hg.
High blood pressure, on the other hand, is considered to be anything above 130/80
mmHg, where the numerator represents systolic blood pressure and the denominator
represents diastolic blood pressure. Systolic blood pressure refers to blood pressure
during the contraction of the heart, while diastolic blood pressure refers to blood pressure
when the heart relaxes between beats. Typically, more attention is given to systolic blood
pressure because systolic blood pressure tends to increase with age and other lifestyle
factors due to arterial stiffness, but diastolic blood pressure is also important (Wilson &
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Webb, 2020). As compared to those with low to normal blood pressure, those with
normal to high resting blood pressure were shown to be two to three more likely to
develop hypertension (Leitschuh et al., 1991), which is a significant risk factor for
mortality and several types of cardiovascular disease (for a review, see: Kokubo &
Matsumoto, 2017). An overwhelming number of studies have consistently demonstrated
that resting blood pressure, specifically, can be used to predict the prospective
development of hypertension and cardiovascular disease (e.g., Bassett et al., 1998;
Chaney & Eyman, 1988; Leitschuh et al., 1991; Kannel, 2000). At the same time, the
blood pressure/disease relationship is persistent and progressive, meaning that
cardiovascular problems can occur even when blood pressure lies within the normointensive range (Joint National Committee on Prevention, Detection, Evaluation,
Treatment of High Blood Pressure, 1997; Bassett et al., 1998). Accordingly, much work
continues to go into prevention and detection of high blood pressure, using various
methodologies.
A separate area of research on blood pressure and cardiovascular outcomes
focuses on the magnitude of physiological responses to laboratory stress. Specifically, the
cardiovascular reactivity hypothesis argues that extreme cardiovascular responses to
acute psychological stress may contribute to the development of cardiovascular disease
(Chida & Steptoe, 2010). Cross-sectional and prospective evidence for such a
relationship suggests a positive association between the magnitude of cardiovascular
responses to acute psychological stress and cardiovascular risk (e.g., Carroll et al., 2003;
Matthews et al., 1998), such as atherosclerosis (Barnett et al., 1997), hypertension
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(Carroll et al., 2003), increased left ventricular mass (Allen, Matthews, & Sherman,
1997), and an increased risk for mortality associated with cardiovascular disease (Carroll
et al., 2012).
Ambulatory blood pressure monitoring in daily life is also a great tool for
assessing blood pressure and disease risk. This technique takes a number of blood
pressure measurements at set intervals over an extended period of time. In addition,
ambulatory blood pressure collects data in a relatively noninvasive manner, which allows
for measurement of blood pressure patterns in daily-life. This way, blood pressure is
collected alongside normal day-to-day activities, without influence from the laboratory or
doctor’s office itself (e.g., the white coat effect: Pickering et al., 1988; 2006).
Ambulatory blood pressure monitoring is used to assess blood pressure fluctuations in
daily life, which may go unnoticed in a laboratory or office setting, and for this reason,
researchers argue that ambulatory measures of blood pressure provide a more holistic
estimate of future risk for hypertension and cardiovascular disease (e.g., Dolan et al.,
2005; Hansen, Jeppesen, Rasmussen, Ibsen, & Torp-Pedersen, 2005, 2006; Khattar et al.,
1999; Yang et al., 2019). Ambulatory blood pressure is also demonstrated to be more
reliable as a predictor of all-cause and cardiovascular mortality than office blood pressure
(Hansen et al., 2005; 2006). Thus, the longitudinal, noninvasive nature of ambulatory
blood pressure monitoring allows for further generalization of research into daily life.
Vitality and Blood Pressure
Often deemed a unique part of psychological well-being, several investigations of
cardiovascular health risk consider vitality to play an important role (e.g., Agewall,
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Wikstrand, & Fagerberg, 1998; Boehm, Peterson, Kivimaki, & Kubzansky, 2011;
Richman, Kubzansky, Maselko, Ackerson, & Bauer, 2009; Rozanski & Kubzansky,
2005). For instance, a handful of prospective studies suggest a link between vitality and
reduced risk for coronary heart disease, even when accounting for traditional
cardiovascular risk factors and general lifestyle factors (Boehm et al., 2011; Kuzbansky
& Thurston, 2007; Richman et al., 2009). One study also illustrated that higher baseline
vitality was associated with significantly reduced risk of hypertension one year later
(Richman et al., 2009). On the flip side, low levels of vitality are also associated with a
number of poor cardiovascular outcomes, such as stroke (Agewall et al., 1998) and
coronary heart disease (Rozanski & Cohen, 2006). With this evidence, more attention is
beginning to be paid toward specific pathways in which vitality may be linked to
cardiovascular health.
One way in which vitality may be tied to cardiovascular health in the long-term is
through cardiovascular regulation in the short-term. Vitality is theorized to provide
energy for emotion regulation and coping with stress, which reciprocally preserves
vitality through the dissipation of negative, vitality-draining emotions and situations
(Rozanski & Cohen, 2005). Because of this connection to more effective emotion
regulation, vitality is similarly thought to be related to more effective physiological
regulation (Richman et al., 2009). Indeed, vitality is suggested to limit psychological and
physiological reactivity to chronic stress, which both contribute to the development of
hypertension and several types of cardiovascular disease (Rozanski & Kubzansky, 2005;
Richman et al., 2009; Ryff & Singer, 1998). The current project begins to examine the
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relationship between vitality and blood pressure through this particular framework,
suggesting that vitality may provide energy for accelerated, and more effective,
physiological regulation.
Contribution of the Current Studies
The current studies investigate the regulatory capacity of vitality in relation to a
commonly utilized indicator of cardiovascular health: blood pressure. Though previous
research has linked vitality to more effective physiological regulation, no study has
looked directly at the link between vitality and regulation of blood pressure. When faced
with stress or negative emotion, vitality is theorized to fuel homeostatic mechanisms,
allowing for much more control over cardiovascular responses (Rozanski & Kubzansky,
2005). According to the model proposed by Kuzbansky and Thurston (2007), vitality is
thought to protect cardiovascular health in a number of ways: (a) by acting directly on
biological systems (i.e., blood pressure), (b) indirectly by mitigating potentially harmful
negative emotions elicited by stressful experiences, and (c) by providing energy for
health-promoting behavior. The current studies directly test whether vitality is related to
individual changes in blood pressure, hypothesizing that higher levels of vitality will
correspond with more regulated blood pressure measurements. Additionally, the current
studies will begin to examine pathways by which vitality may be related to blood
pressure, following the theorized model (Kuzbansky & Thurston, 2007). Establishing and
delineating the relationship between vitality and blood pressure responses would solidify
empirical evidence of vitality as an important factor in cardiovascular health.
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Additionally, the relationship between vitality and blood pressure will be
examined in two different settings: within a laboratory stress paradigm, and throughout a
longitudinal design in daily life. To date, very little work examines individual variability
in blood pressure in relation to psychological states. Through the use of a repeatedmeasures design and sophisticated statistical procedure, the current studies reframe the
quantification of blood pressure variability in relation to vitality. Study I examines
whether vitality upon entering the laboratory attenuate blood pressure reactivity in
response to a psychosocial stressor. It is predicted that those with higher levels of vitality
will illustrate more regulated blood pressure responses to the stressor, as well as more
efficient recovery. Then, rather than in the laboratory, Study II investigates vitality and
blood pressure within a daily-life scenario. Using ecological momentary assessment
(EMA), daily measurements of vitality will be compared to ambulatory blood pressure
throughout the day. Though blood pressure in the laboratory can be reliable, EMA allows
researchers to rule out potential confounds, such as the “white coat effect” (Pickering et
al., 1988; 2006). Together, the two studies will capture a) whether vitality regulates blood
pressure reactivity in response to an acute laboratory stressor, and b) whether daily
fluctuations in vitality level contribute to more efficiently regulated ambulatory blood
pressure. The current studies will be the first to examine vitality and blood pressure
within the context of a stress paradigm, as well as within a short-term daily diary design.
The current work will also add to existing literature by investigating the
relationship between vitality and blood pressure using more sophisticated approaches to
analyzing repeated-measures style data. Historically, with this type of data, researchers

12
aggregate the data points by averaging subsequent time-point measures together, fitting a
linear regression to these means. However, this aggregate analytic technique runs the risk
of the ecological fallacy, or the faulty assumption that findings at the group or aggregate
level are assumed to also generalize to the individual level (Lavrakas, 2008). In other
words, effects at the group or macro level are assumed to also be true of individual or
micro instances that make up those groups. In this way, aggregation of repeated-measures
data tosses out sources of variability, which may be crucial to understanding the true
nature of the effect (Woltman, Feldstain, MacKay, Rocchi, 2012). One may argue that
individual clusters could be examined separately; however, dividing up the sample into
smaller groups would lead to underpowered tests. Instead, hierarchical linear modeling
will be used to investigate intricate relationships between vitality and blood pressure,
without sacrificing valuable variability or statistical power.
Hierarchical linear modeling (HLM), sometimes referred to as multilevel
modeling or mixed effects modeling, is a complex extension of the general linear model.
However, this type of model allows for comparison at the individual level, in addition to
comparison of group means, a significant advantage over classic repeated-measures
analytic techniques. Multilevel, or “nested,” data present a number of challenges when it
comes to classic analytic techniques, which can be solved through the use of hierarchical
linear modeling. For instance, observations are no longer independent, as errors are
necessarily correlated in clusters, or among each individual. Without the requirement of
independence of observations, HLM is well-suited for repeated-measures type data (Field
et al., 2013). Additionally, nested data is likely to involve between-individual
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heteroskedasticity, due to the clustered nature of the outcomes. In each cluster, there will
likely be different sample sizes and different levels of variance, necessarily violating the
assumption of homoscedasticity required by most regression models. HLM does not
assume homoscedasticity. Lastly, unlike other repeated-measures techniques, multilevel
modeling does not require complete data, and when data are missing, missing time points
do not need to be imputed (Field et al., 2013). Instead, multilevel models utilize existing
data to estimate parameters, a significant benefit when collecting longitudinal data over
the course of several days or time points. Considering the nested nature of the data in the
following studies, HLM appears to be the best analytic approach. Thus, the current
studies push the current literature a step further by utilizing complex analytic techniques
to probe the relationship between vitality and blood pressure over time.
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STUDY ONE

The goals of Study I are to: (a) establish whether vitality is related to blood
pressure levels in response to stress, and (b) from there, begin to disentangle the direct
and indirect pathways through which vitality may influence blood pressure, as outlined
by Kuzbansky and Thurston (2007). Specifically, this study investigates the effects of
state vitality levels on blood pressure reactivity and recovery responses to an acute
psychosocial laboratory stressor. This laboratory study offers a controlled environment
where momentary changes in blood pressure can be captured at a granular level, in
relation to vitality. In addition, feelings of anxiety prior to placing individuals in a
purposefully stressful situation will allow for the quantification of negative emotion
around a stress task. Such a paradigm allows for the analysis of whether vitality is related
to blood pressure due to, or regardless of, stress level. Though it is likely that vitality may
simultaneously affect blood pressure responses directly and indirectly, the current study
aims to test each of these pathways.
The current study examines blood pressure as an indicator of cardiovascular
activity. An accumulation of studies illustrates that heightened blood pressure reactivity
in response to stress is connected to the prospective development of cardiovascular
disease (e.g., Carroll et al., 2003; Carroll et al., 2012), deeming it an important indicator
of cardiovascular health. In turn, previous research often utilizes blood pressure as a
reliable indicator of cardiovascular reactivity. Blood pressure is normally captured using
a standard blood pressure cuff, which is activated several times during the course of the
laboratory session to capture non-continuous diastolic and systolic measurements. These
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measurements are usually averaged across the specific time period (e.g., baseline period,
stressor period, adaptation period) to create a single value representative of the entire
(often 10-minute) time period. Though conventional analytic techniques are simple, some
researchers are hesitant about the loss of information (e.g., variability) through the
aggregation of data points and the omission of measurement error. The current study will
attempt to address these limitations though the use of linear growth modeling (LGM),
which accounts for measurement error, integrates controls for each period of the
laboratory session, and eliminates the guess-work when it comes to quantifying reactivity
and recovery (Curran, Obeidat, & Losardo, 2010). To my knowledge, this will be the first
paper to use growth modeling in order to track the trajectory of change in blood pressure
as a function of vitality in a laboratory setting. Previous papers have used LGM to look at
constructs such as hostility to predict responses to differing stressors (Llabre, Spitzer,
Siegel, Saab, & Schneiderman, 2004); however, this will be the first study to look at
patterns of blood pressure reactivity and recovery in relation to vitality, a critical
psychosocial factor linked to well-being.
Study I Hypotheses
Hypothesis 1: Using linear growth modeling (LGM), it is predicted that there will
be a pattern (e.g., quadratic, cubic) of both diastolic and systolic blood pressure reactivity
and recovery, following previous blood pressure reactivity research (Llabre et al., 2001).

Hypothesis 2: Because vitality is thought to provide regulation and flexibility
when faced with stress (Rozanski & Cohen, 2017), it was hypothesized that vitality level
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upon entrance to the laboratory would predict blood pressure reactivity to the speech task.
Specifically, it was predicted that higher levels of vitality would correspond with more
regulated blood pressure reactivity responses, when compared to those with lower levels
of vitality. This would be true even when controlling for relevant constructs such as age,
sex, BMI, depressive symptoms, and trait anxiety.

Hypothesis 3: Additionally, it is hypothesized that the predicted recovery pattern
during will also depend on one’s level of vitality upon entrance to the laboratory
(baseline vitality). Specifically, this growth is hypothesized to be faster in those with
higher levels of vitality prior to stress exposure, as compared to those with lower levels of
vitality prior to stress exposure (even when controlling for anxiety about the task, as well
we relevant constructs such as age, sex, BMI, depressive symptoms, and trait anxiety)
due to the supposed regulatory effects of vitality in the face of stress (Penninx et al.,
2000).

Hypothesis 4: It is hypothesized that vitality will also be related to blood pressure
levels by way of cognitive and somatic anxiety prior to the stress task. As suggested by
Kuzbansky and Thurston (2007), vitality may affect blood pressure levels indirectly, or
by granting the flexibility to assuage negative emotion that contributes to changes in
blood pressure. Thus, vitality may affect anxiety prior to the stress task, which would
then be related to reactivity and recovery.
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METHOD
Participants
Adult (N = 126; 74 women, 49 men, 4 gender non-conforming) undergraduate
students were recruited from the introductory psychology participant pool at Montana
State University in exchange for partial course credit. Participant mean age was 19.79
(SD = 2.97), and they described themselves as White (83%), American Indian (4.2%),
Asian (5.8%), Latina/o (2.5%), African American (1%), and Other (3.5%). Participants
were pre-screened for chronic conditions before participation in the in-laboratory session.
Their resting blood pressure levels were approximately normal, M = 121.40/70.60, SD =
10.70/8.01, ranging from 97.00 to 151.01 and 47.40 to 99.80, for systolic and diastolic
blood pressure, respectively. Though no direct power analysis exists for such analytic
techniques (Grimm & Ram, 2009), HLM requires samples sizes of approximately n =
100 (Curran, Obeidat, & Losardo, 2010). Studies similar to the current study tend to
accommodate a similar number (i.e., 100) of participants (e.g., Curran et al., 2010; Llabre
et al., 2001). However, due to the nested nature of the data, the number of observations
per individual is more important. Typically, nonlinear models require at least 3
observations per individual in order to fit higher-level growth curves (Field et al. 2013).
Procedure
Participants were greeted by two trained research assistants upon entering the lab.
After providing written consent, participants completed the entrance survey, which
included several questionnaires, including the state form of the Subjective Vitality Scale
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(pre-task vitality; Ryan & Frederick, 1997). Research assistants measured participant
height, weight, and hip and waist circumference. Next, participants were set up with a
standard blood pressure cuff positioned over the brachial artery on the non-dominant arm
(GE Dinamap v100, Milwaukee, WI). Participants were then asked to sit comfortably still
for the next ten minutes for the adaptation period. After the 10 minutes had passed,
participants were asked to remain sitting quietly for the baseline measurements. Next,
participants were told that they will be given four minutes to prepare a speech about why
they would be a good candidate for their ideal career, a common form of the Trier Social
Stress Test (TSST; Kirschbaum et al., 1993). Before completing the task, participants
completed the Immediate Anxiety Measurement Scale (IAMS; Thomas, Hanton, &
Jones, 2002) to assess cognitive and somatic anxiety prior to the task. Upon completion
of the IAMS, participants began their speech prep and give their speech, lasting
approximately four minutes. A second 10-minute recovery period was taken, while
recording blood-pressure. Additionally, participants completed the post-task version of
the IAMS. Participants were fully debriefed and dismissed.
Independent/Predictor Variables
Vitality
Participants completed the Subjective Vitality Scale (Ryan & Frederick, 1997) in
state form. This measure is the most common measure of vitality, as items reflect the
phenomenological duality of subjective vitality (Lavrusheva, 2020; Ryan & Frederick,
1997). The original measure consists of seven items that have demonstrated reliability
among various populations; however, more recent structural analysis of the scale deemed
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that a shorter, six-item, positively worded measure to be a better fitting, more reliable
operationalization of vitality (Bostic et al., 2011). The current study utilized the shorter
measure, leaving out the single negatively worded item (“I don’t feel very energetic”).
This measure instructs participants to respond to items such as “I feel alive and vital” and
“I am looking forward to each new day.” Each item is rated on a 1 (not at all true) to 7
(very true) scale. Scores on this measure were averaged to provide a single measure of
subjective vitality upon entering the laboratory (M = 4.80, SD = 1.08, a = 0.87).
Speech Task
The acute psychological stress task was a version of the Trier Social Stress Test
(TSST; Kirschbaum et al., 1993), with the purpose of eliciting psychosocial stress. This
experimental paradigm is comprised of an anticipatory phase where research assistants
instruct participants to prepare a 4-minute speech presenting their qualifications for their
ideal career, followed by a test phase where participants delivered the speech in front of a
two-person panel trained to give discouraging feedback. In addition, participants were
told that a video camera would be recording their speech and that a panel of judges
trained in public speaking would later evaluate the video. This procedure was modified
from the original procedure (e.g., two evaluators instead of three, no mathematics
portion); however, this version of the paradigm is still quite common in the literature
(e.g., Bershad et al. 2017; Massar et al., 2017).
Covariate Measures
In addition to the variables of primary concern, several demographic and
psychological variables were captured as covariates. Age, race/ethnicity, and sex were
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collected amongst the entrance survey questionnaires, each with a single item. Trait
vitality was measured using the trait form of the Subjective Vitality Scale (Ryan &
Frederick, 1997).
Trait subjective vitality was controlled for in all analyses in order to separate
contextual variance in daily vitality levels. It is theorized that individuals possess a setpoint, trait level of subjective vitality and that ever-changing contextual factors have the
ability to shift state levels of subjective vitality (Ryan & Frederick, 1997). Because the
goal of the current study is to examine momentary shifts in stress, variance associated
with trait subjective vitality was removed. The current study also controlled for age, sex,
and race. Sex, racial, and age differences in vitality have yet to be directly analyzed. In
regard to blood pressure, however, emerging evidence suggests that socio-demographic
factors strongly may influence reactivity to acute psychological stress (e.g., JohnHenderson, Gruman, Counts, & Ginty, 2020).
Participants also completed the 14-item Hospital Anxiety and Depression Scale
(Zigmond & Snaith, 1983) to examine trait depressive symptoms (M = 5.90, SD = 2.90, a
= 0.61) and trait anxiety (M = 2.97, SD = 1.85, a = 0.67). Seven items from this scale
target anxiety (e.g., “I feel tense or wound up”) and seven items target depression (e.g., “I
feel as if I am slowed down”), rated on a four-point conditional scale. This scale is
commonly utilized for detection of anxiety and depressive symptoms independent of
somatic symptoms associated with illness. Items from the anxiety and depression
subscales are summed; higher scores indicate higher levels of reported symptomology.
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Immediately before and immediately following the stress task, participants were
also measured on cognitive and somatic anxiety. This measure was included to measure
the effects of stress on blood pressure in relation to vitality. The Immediate Anxiety
Measurement Scale (IAMS; Thomas et al., 2002) is a validated measurement of cognitive
and somatic anxiety using four items, rating each type of anxiety on intensity (1 not at all
to 7 extremely). Participants received definitions of each dimension of anxiety as defined
by Thomas and colleagues (2002). Cognitive anxiety was described as the mental aspect
of anxiety (i.e., worries or concerns about the task), and somatic anxiety was described as
the perception of the physical aspect of anxiety (i.e., increased heart rate or butterflies in
stomach related to the task).
Dependent/Outcome Measures
Blood Pressure
Blood pressure measurements were taken on a tightly scripted schedule at
approximately equal intervals. Diastolic and systolic blood pressure was measured
discontinuously every two minutes during the baseline period (1, 3, 5, 7, and 9 minutes
into the study), every one minute during the task prep period (1 and 2 minutes after the
baseline), every one minute during the stress task (1, 2, 3, and 4 minutes into the stress
task), and again every two minutes during the recovery period (5, 7, 9, 11, and 13
minutes after the onset of the stress task). It has been argued that both reactivity and
recovery require assessment because they each provide unique information about blood
pressure regulation processes (Haynes et al., 2001; Llabre et al., 2001), and omission of
blood pressure recovery is inconsistent with early models of stress reactivity (Linden,
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Earle, Gerin, & Christenfeld, 1997). Thus, both reactivity and recovery blood pressure
patterns were recorded and included in analyses. Blood pressure measurements were
collected using a standard blood pressure cuff positioned over the brachial artery on the
non-dominant arm, and a semi-automatic sphygmomanometer (GE Dinamap v100,
Milwaukee, WI).
Analytic Strategy
Prior to analysis, data were cleaned and inspected for normality,
homoscedasticity, and outliers using SPSS version 26 (IBM Corp, USA). Outliers were
subjected to a two-strike rule, where they were removed if they violated two or more of
the tests (Mahalanobis distance, leverage, Cook’s distance). Following data screening, 7
cases were removed based on extensive missing data or outlier status. Repeated-measures
type data in multilevel modeling does not require data imputation (Tabachnick & Fidell,
2007).
To test the primary hypotheses, linear growth models were estimated using the
nlme package (Pinheiro, Bates, DebRoy, & Sarkar, 2020) in R (R Core Team, 2020), a
set of packages that are built under the HLM framework. Separate models were fitted for
diastolic and systolic blood pressure to estimate blood pressure reactivity and recovery
over the course of a psychosocial stressor. It is customary to examine reactivity and
recovery separately, as the joint pattern would require highly complicated, additive
nonlinear models. As recommended, level 2 variables (age, sex, race, vitality, trait
anxiety symptoms, trait depressive symptoms, cognitive anxiety prior to the stress task,
and somatic anxiety prior to the stress task) were all grand mean centered prior to
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analysis (Kwok et al., 2008; Raudenbush & Bryk, 2002). The level 1 variable of time was
coded such that the baseline period began at t = 0. As a preliminary step, an interceptonly model was first specified to estimate the total systematic variance in the outcome
variables. Random intercepts were added into the intercept-only model, and time was
added as a fixed effect. The outcome variables were then individually regressed on a
random-effect time variable for participants. These served as the null baseline models on
which the next steps were built on. The subsequent models were estimated such that each
individual was allowed their own initial level (intercept) of blood pressure, as well as
their own rate of change (slope) in blood pressure. Because the main goal of the analyses
was to examine whether between-individual differences in vitality predicted the pattern
of blood pressure responses during stress, vitality was included as a time-invariant
predictor to explore the hypothetically causal link between vitality and blood pressure.
Additionally, pre-stress task cognitive and somatic anxiety was included as a timeinvariant predictor as a means of understanding whether vitality is directly related to
blood pressure or linked to blood pressure indirectly through anxiety. Once the model
was fitted with a growth curve, vitality and stress level (along with other covariates) were
added into the model.
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RESULTS
Preliminary Analyses
The analysis dataset consisted of 119 (participants) * 16 (measurements) = 1428
observations. All variables were approximately normally distributed. Inspection of
person-by-person scatterplots of diastolic and systolic blood pressure indicated
significant variability in the intercepts and growth curves. Table 1 presents the means,
standard deviations, and significant zero-order correlations for all variables. Though
strong relationships exist among resting and task blood pressure levels, there appears to
be no significant bivariate relationship between state vitality and blood pressure.

Table 1. Means, standard deviations, and correlations for variables in Study I
M

SD

1

2

3

4

5

6

7

8

9

10

1. Age

19.79

2.97

2. Anxiety Symptoms

2.97

1.85

-.08

3. Depressive Symptoms

5.90

2.90

-.04

-.20*

4. Vitality

4.80

1.08

.10

.18*

-.01

5. Resting SBP

121.40

10.70

.10

.09

.03

.09

6. Resting DBP

70.62

8.02

.30**

.07

-.02

-.01

.53**

7. Task SBP

140.98

16.50

.17

.03

.05

-.05

.73**

.54**

8. Task DBP

84.35

10.22

.23*

-.04

.06

.02

.53**

.67**

.67**

9. Cognitive Anxiety

4.59

1.44

-0.38*

0.19

-0.23

0.02

0.14

-0.14

-0.16

-0.23

10. Somatic Anxiety

4.47

1.56

-0.23

0.17

-0.09

0.01

-0.15

-0.30

-0.33*

-0.37*

-0.19

11. Recovery SBP

121.23

10.93

0.15

-0.01

-0.08

0.10

-0.06

-0.19

0.82**

0.53**

0.75**

0.53**

12. Recovery DBP

72.07

15.54

0.12

-0.05

0.12

-0.13

-0.07

-0.33*

0.26**

0.44**

0.28**

0.34**

11
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Variable

0.34**

Note: M and SD are used to represent mean and standard deviation, respectively. *indicates p < .05. ** indicates p < .01

26
Linear Growth Modeling Analysis
Plots
Prior to modeling the data, it is customary to examine plots of the outcome
variables as a function of time (Laurenceau & Bolger, 2013; Fieldet al., 2013). Figures 1
and 2 display the plots for average patterns of diastolic and systolic blood pressure,
respectively, across time. Although there were individual differences across participants,
both plots suggest a general increase during the from baseline to the stress task, followed
by a general decrease until leveling out toward the end of the recovery period.
Examination of the plots inform the choice of the appropriate mathematical model to
most accurately capture the nonlinear pattern of the data, or in this case, for the increase
from baseline through the task and for the decrease and plateau of recovery.

Figures 1 and 2. Systolic and diastolic blood pressure across baseline, the stress task, and
the recovery period.
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Modeling Reactivity and Recovery
Intraclass correlations (ICCs) were first used to examine within-person variability
in diastolic and systolic blood pressure levels during reactivity and recovery periods.
Between-person variance ranged between 23% and 37%, and within-person variance
ranged between 63% and 77%, respectively for systolic and diastolic blood pressure.
These results indicate adequate within-person blood pressure variability for use of a
hierarchical model. Reactivity and recovery were analyzed separately using linear mixed
effects models. Prior to testing vitality as a predictor of blood pressure across time, the
overall patterns of systolic and diastolic blood pressure during reactivity and recovery
were assessed with linear and nonlinear models.
Reactivity. As with the overall trend of diastolic and systolic blood pressure,
spaghetti plots were used to assess the general trend of systolic and diastolic blood
pressure over the reactivity period. Figures 3 and 4 illustrate the general increase in
systolic and diastolic blood pressure across the baseline through the reactivity period,
respectively.
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Figures 3 and 4. Systolic and diastolic blood pressure across baseline through the stress
task. Blood pressure readings begin at the initial measurement of the baseline period.

Linear mixed effects models were first utilized to assess the general trend of
systolic and diastolic blood pressure across the reactivity period, without the presence of
predictors and covariates. Results reveal a positive linear trend in systolic (B = 2.61, 95%
CI = 2.08, 3.13, p < 0.01) and diastolic (B = 1.76, 95% CI = 1.49, 2.03, p < 0.01) across
time. However, when examining the plots, it appears that there may be a more curvilinear
trend in blood pressure across reactivity. The linear model was updated to accommodate
a quadratic trend for both systolic (B = 0.09, 95% CI = -0.01, 0.20, p = 0.09) and diastolic
(B = -0.05, 95% CI = -0.12, 0.03, p = 0.26), models which were both nonsignificant.
When a cubic term was added to the model, however, it was significant for both systolic
(B = -0.16, 95% CI = -0.19, -0.16, 3.13, p < 0.01) and diastolic (B = -0.15, 95% CI = 0.18, -0.13, p < 0.01) blood pressure. Table 2 displays the model comparison between the
linear, quadratic, and cubic models. Adding the quadratic term did not improve fit for
systolic blood pressure, χ2(1) = 2.95, p = 0.09; however, adding in the cubic trend did
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improve fit, χ2(2) = 65.53, p < 0.01. Similarly, adding the quadratic term did not improve
fit for diastolic blood pressure, χ2(1) = 1.28, p = 0.26; however, adding in the cubic trend
did improve fit, χ2(2) = 122.08, p < 0.01. Systolic and diastolic blood pressure appear to
have a cubic pattern of reactivity.
Table 2. Model comparison for blood pressure reactivity
Model
Linear
Quadratic
Cubic
Linear
Quadratic
Cubic

1
2
3
1
2
3

df

AIC

BIC

logLik

Test

L.Ratio

p-value

6
7
8

Systolic Blood Pressure
3168.861
3192.973
-1578.431
3167.909
3196.039
-1576.954
3104.380
3136.529
-1544.190

1 vs 2
2 vs 3

2.95283
65.52831

0.0857
<.0001

6
7
8

Diastolic Blood Pressure
2901.517
2925.629
-1444.759
2902.236
2930.366
-1444.118
2782.155
2814.303
-1383.077

1 vs 2
2 vs 3

1.28129
122.08153

0.2577
<.0001

Recovery. Similar to the reactivity period, smooth plots were used to assess the
general trend of systolic and diastolic blood pressure over the recovery period. Figures 5
and 6 illustrate the general decrease and plateau in blood pressure across the last time
point of the reactivity period through the recovery period.
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Figures 5 and 6. Systolic and diastolic blood pressure across recovery. Blood pressure
readings begin at the final measurement of the stress task.

Linear mixed effects models were used to examine the trend of systolic and
diastolic blood pressure across the recovery period, without the presence of predictors or
covariates. Results reveal a negative linear trend in systolic (B = -2.25, 95% CI = -2.96, 1.55, p < 0.01) and diastolic (B = -1.44, 95% CI = -1.96, -0.93, p < 0.01) across time.
However, when examining the plots, it appears that there may be a more curvilinear trend
in blood pressure across recovery, so the linear model was updated to accommodate a
quadratic trend for both systolic (B = 1.63, 95% CI = 1.26, 2.00, p < 0.01) and diastolic
(B = 0.92, 95% CI = 0.67, 0.92, p < 0.01). Unlike the reactivity period, the quadratic
pattern provided good fit to blood pressure recovery. When a cubic term was added to the
model, however, it was also significant for both systolic (B = -0.72, 95% CI = -0.97, 0.47, p < 0.01) and diastolic (B = -0.31, 95% CI = -0.49, -0.13, p < 0.01) blood pressure.
Table 3 displays the model comparison between the linear, quadratic, and cubic models.
Adding the quadratic term improved the fit for systolic blood pressure, χ2(1) = 62.42, p <
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0.01; however, adding in the cubic trend improved fit further, χ2(2) = 29.17, p < 0.01.
Similarly, adding the quadratic term improved fit for diastolic blood pressure, χ2(1) =
45.51, p < 0.01; however, adding in the cubic trend improved fit further, χ2(2) = 10.82, p
< 0.01. Both diastolic and systolic blood pressure recovery appears to have a cubic
pattern across time.
Table 3. Model comparison for blood pressure recovery
Model

df

Linear
Quadratic
Cubic

1
2
3

6
7
8

Linear
Quadratic
Cubic

1
2
3

6
7
8

AIC

BIC

logLik

Systolic Blood Pressure
1696.204
1716.754
-842.1022
1635.781
1659.756
-810.8907
1608.611
1636.010
-796.3053
Diastolic Blood Pressure
1525.715
1546.265
-756.8575
1482.204
1506.179
-734.1022
1473.382
1500.782
-728.6910

Test

L.Ratio

p-value

1 vs 2
2 vs 3

62.42313
29.17081

<.0001
<.0001

1 vs 2
2 vs 3

45.51062
10.82236

<.0001
0.001

Vitality as a Predictor of Reactivity and Recovery
Reactivity. To test primary hypotheses, a nonlinear mixed effects model included
vitality as a predictor of reactivity to a psychosocial stressor. Specifically, vitality (and all
covariates) was added as a fixed effect to the cubic model of reactivity to test Hypothesis
3. After accounting for age, sex, race, trait anxiety symptoms, trait depressive symptoms,
somatic anxiety prior to the task, cognitive anxiety prior to the task, vitality failed to
predict systolic (B = 0.72, 95% CI = -1.42, 2.86, p = 0.51) and diastolic (B = -1.05, 95%
CI = -3.15, 1.05, p < 0.32) blood pressure reactivity. In regards to Hypothesis 4, cognitive
and somatic anxiety prior to the stress task were also not significant predictors of systolic
(B = 0.72, 95% CI = -0.61, 3.78, p = 0.53; B = 0.19, 95% CI = -2.93, 1.04, p = 0.35) nor
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diastolic (B = 1.58, 95% CI = -1.42, 2.86, p = 0.16; B = 1.58, 95% CI = -1.42, 2.86, p =
0.16) blood pressure reactivity, respectively.
The results of the full model are in Table 4. The marginal R2 values ranged from
0.383 - 0.426, indicating that about 38-43% of the variance can be explained by the fixed
effects. The conditional R2 values, on the other hand, ranged from 0.677 – 0.740,
indicating that the model, both fixed and random effects, accounts for approximately 6774% of the variance in blood pressure. The fit of the full model (Table 5) was
significantly better than the null, baseline model for both systolic (χ2(9) = 98.44, p <
.0001) and diastolic (χ2(11) = 132.37, p < .0001) blood pressure models.
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Table 4. Results of linear mixed-effects models for effects of vitality on systolic and
diastolic blood pressure during reactivity.
Systolic BP
Predictors

Diastolic BP

Estimates

CI

p

Estimates

CI

p

(Intercept)

134.18

128.68 – 139.68

<0.001

81.08

77.33 – 84.82

<0.001

Time

-12.65

-16.16 – -9.15

<0.001

-11.34

-13.70 – -8.98

<0.001

Time^2

2.93

2.26 – 3.59

<0.001

2.69

2.24 – 3.13

<0.001

Time^3

-0.16

-0.19 – -0.12

<0.001

-0.15

-0.18 – -0.13

<0.001

Vitality

0.72

-1.42 – 2.86

0.504

-1.05

-3.15 – 1.05

0.322

Vitality*Time

0.08

-0.41—0.57

0.755

0.12

-0.12—0.37

0.321

Vitality*Time^2

0.01

-0.03—0.05

0.592

0.004

-0.02—0.02

0.706

Vitality*Time^3

0.001

-0.002—0.004

0.524

-0.00

-0.002-0.002

0.880

Age

0.09

-0.81 – 0.99

0.847

0.71

-0.17 – 1.59

0.113

Race

-0.01

-2.30 – 2.27

0.991

-0.68

-2.91 – 1.56

0.547

Sex

-6.80

-11.36 – -2.23

0.005

-3.53

-8.00 – 0.93

0.122

Trait Vitality

0.63

-1.06—1.93

0.413

-0.84

-1.74—2.46

0.671

Anxiety Symptoms

1.22

-0.31 – 2.75

0.119

0.87

-0.63 – 2.37

0.250

Depressive Symptoms

0.64

-1.51 – 2.80

0.553

-0.47

-2.58 – 1.64

0.656

Cognitive Anxiety

0.72

-1.53 – 2.97

0.523

1.58

-0.61 – 3.78

0.157

Somatic Anxiety

0.19

-1.84 – 2.23

0.850

-0.94

-2.93 – 1.04

0.347

Random Effects
N

119 ID

119 ID

Marginal R2 /
Conditional R2

0.426 / 0.677

0.383 / 0.740
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Table 5. Model comparison of baseline and final model fit for systolic and diastolic blood
pressure
Model

df

Baseline
Full

1
2

6
15

Baseline
Full

1
2

6
17

AIC

BIC

logLik

Systolic Blood Pressure
3168.86
3192.97
-1578.43
3088.43
3148.70
-1529.21
Diastolic Blood Pressure
2901.52
2925.63
-1444.76
2791.15
2859.46
-1378.57

Test

L.Ratio

p-value

1 vs 2

98.437

<.0001

1 vs 2

132.372

<0.001

Recovery. Similar to that of reactivity, a nonlinear mixed effects model was used
to test vitality as a predictor of recovery from a psychosocial stressor. Vitality and related
covariates were added to the cubic model of recovery. After controlling for age, sex, race,
trait anxiety symptoms, trait depressive symptoms, somatic anxiety prior to the task,
cognitive anxiety prior to the task, vitality was not a significant predictor of systolic (B =
-0.24, 95% CI = -2.66, 2.17, p = 0.84) nor diastolic (B = -0.72, 95% CI = -2.51, 1.06, p <
0.42) blood pressure recovery. To test Hypothesis 4, cognitive and somatic anxiety prior
to the stress task were tested as predictors of recovery. Both cognitive and somatic
anxiety were not significant predictors of systolic (B = 0.72, 95% CI = -0.61, 3.78, p =
0.53; B = 0.19, 95% CI = -2.93, 1.04, p = 0.35) nor diastolic (B = 1.58, 95% CI = -1.42,
2.86, p = 0.16; B = 1.58, 95% CI = -1.42, 2.86, p = 0.16) blood pressure recovery,
respectively. Thus, it appears that vitality nor anxiety about the stress task served as
predictors of blood pressure recovery.
The results of the full model are in Table 6. The marginal R2 values ranged from
0.383 - 0.424, indicating that about 38-42% of the variance can be explained by the fixed
effects. The conditional R2 values, on the other hand, ranged from 0.718 – 0.740,
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indicating that the model, both fixed and random effects, accounts for approximately 57%
of the variance in blood pressure. The fit of the full model (Table 7) was significantly
better than the null, baseline model for both systolic (χ2(10) = 108.74 p < .0001) and
diastolic (χ2(2) = 56.33, p < .0001) blood pressure models.
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Table 6. Results of linear mixed-effects models for effects of vitality on systolic and
diastolic blood pressure during recovery
Systolic BP
Predictors

Diastolic BP

Estimates

CI

p

Estimates

CI

p

(Intercept)

165.40

157.48 – 173.31

<0.001

81.07

77.33 – 84.81

<0.001

Time

-36.69

-45.04 – -28.33

<0.001

-11.34

-13.70 – -8.98

<0.001

Time^2

9.23

6.57 – 11.89

<0.001

2.69

2.24 – 3.13

<0.001

Time^3

-0.72

-0.97 – -0.47

<0.001

-0.15

-0.18 – -0.13

<0.001

Vitality

0.49

-1.68 – 2.65

0.658

-1.05

-3.15 – 1.05

0.322

Vitality*Time

-0.58

-1.20—0.05

0.081

0.15

-0.33—0.63

0.560

Vitality*Time^2

-0.07

-0.16—0.01

0.110

0.03

-0.03—0.10

0.343

Vitality*Time^3

-0.01

-0.02—0.002

0.140

0.01

-0.003—0.02

0.235

Age

-0.17

-1.08 – 0.73

0.706

0.71

-0.17 – 1.59

0.113

Race

-0.91

-3.21 – 1.40

0.441

-0.68

-2.91 – 1.56

0.547

Sex

-6.96

-11.56 – -2.35

0.005

-3.53

-8.00 – 0.93

0.122

Trait Vitality

0.97

-1.24—3.13

0.541

-0.83

-1.74—2.42

0.636

Anxiety Symptoms

0.61

-0.94 – 2.15

0.440

0.87

-0.63 – 2.37

0.250

Depressive Symptoms

-0.91

-3.09 – 1.26

0.409

-0.47

-2.58 – 1.64

0.656

Vitality*Cognitive
Anxiety

-1.10

-3.37 – 1.16

0.341

1.58

-0.61 – 3.78

0.157

Vitality*Somatic
Anxiety

1.63

-0.42 – 3.68

0.125

-0.94

-2.93 – 1.04

0.347

Random Effects
N
2

Marginal R /
Conditional R2

119 ID

119 ID

0.424 / 0.718

0.383 / 0.740
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Table 7. Model comparison of baseline and final model fit for systolic and diastolic blood
pressure during recovery
Model

df

Baseline
Full

1
2

6
16

Baseline
Full

1
2

6
8

AIC

BIC

logLik

Systolic Blood Pressure
1696.20
1716.75
-842.102
1607.46
1662.26
-787.729
Diastolic Blood Pressure
1525.72
1546.27
-756.86
1473.38
1500.78
-728.69

Test

L.Ratio

p-value

1 vs 2

108.745

<.0001

1 vs 2

56.333

<0.001

Exploratory Analyses
Exploratory analyses were used to probe the sex differences that emerged for
systolic blood pressure during both reactivity (B = -6.80, 95% CI -11.36, -2.23, p < 0.01)
and recovery (B = -6.96, 95% CI -11.56, -2.35, p < 0.01) in the primary analyses. These
results suggest that males and females have different differing rates of change in systolic
blood pressure during reactivity and recovery, or more specifically, females had a slower
rate of change, as compared to males. Probing further, the data was subset based on sex
and separate models were fit predicting systolic blood pressure reactivity and recovery
over time. Interestingly, males’ systolic blood pressure reactivity revealed a significant
quadratic pattern of reactivity (B = 0.29, 95% CI 0.11, 0.47, p < 0.01), while females did
not (B = -0.03, 95% CI -0.78, 0.24, p = 0.63). However, the models for both males (B = 0.10, 95% CI -0.17, -0.04, p < 0.01) and females (B = -0.19, 95% CI -0.23, -0.15, p <
0.01) improved when the cubic term for time was added, indicating that both males (χ2(1)
= 9.91, p < 0.01) and females (χ2(1) = 69.09, p < 0.01) experienced cubic patterns of
systolic blood pressure growth during reactivity. Similar analyses were conducted for the
recovery period. Both males (B = 1.59, 95% CI 0.97, 2.21, p < 0.01) and females (B =
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1.66, 95% CI 1.20, 2.12, p < 0.01) revealed a quadratic pattern of recovery; however,
adding the cubic term improved model fit for both males (χ2(1) = 16.70, p < 0.01) and
females (χ2(1) = 13.31, p < 0.01).
Additional analyses examined whether differences in vitality exist based on sex.
Previous work suggests that females tend to have lower levels of vitality, which would
leave them at higher risk for development of cardiovascular health issues (Kuzbansky &
Thurston, 2007). Indeed, the risk for cardiovascular disease is higher in women, who are
more likely to be affected by physical (e.g., hypertension, obesity) and psychosocial (e.g.,
stress) factors associated with the development of cardiovascular disease (MöllerLeimkühler, 2007; Mosca, Barrett-Connor, & Wegner, 2011; O’Neil, Scovelle, Milner,
Allison, & Kavanaugh, 2018). To test this prediction, a one-way analysis of variance
(ANOVA) was conducted using sex to predict vitality. Results of this analysis indicate no
sex differences in vitality (F(1,108) = 0.001, p > 0.05), contrary to previous findings.
Differences in vitality based on race were also examined, as previous work has yet to
directly examine whether such disparities exist. Similar to that of sex differences, race
was entered into a one-way ANOVA, which revealed no race differences (F(5,105) =
1.14, p = 0.34). Thus, it appears that vitality did not vary based on race within the current
sample.
Study I Discussion
The purpose of Study I was to gain insight into the relationship between vitality
and blood pressure during the course of a psychosocial stressor. Specifically, vitality was
hypothesized to predict more regulated blood pressure reactivity and recovery, following
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Kuzbansky and Thurston’s (2007) model. Initial mixed effects growth models revealed a
nonlinear pattern of growth and decline across reactivity to and recovery from a
psychosocial stress task, as predicted in Hypothesis 1 and in previous work (e.g., Llabre
et al., 2001). Contrary to Hypotheses 2 and 3, however, vitality failed to predict both
reactivity and recovery. Such a result challenges the notion of vitality as a source of
energy that provides the flexibility to manage stress and limit physiological arousal
associated with stress (Richman et al., 2009; Rozanski & Kuzbansky, 2005).
Additionally, this suggests that vitality may not have a direct influence on blood pressure
reactivity and recovery, as suggested by Kuzbansky and Thurston (2007).
Further, Study I began to test whether vitality may affect blood pressure reactivity
and recovery indirectly, or through diminished negative emotion (Kuzbansky &
Thurston, 2007). Specifically, it was predicted that vitality may lead to lower cognitive
and somatic anxiety prior to the stress task, which would then lead to less extreme blood
pressure responses to the stressor. However, vitality lacked a significant relationship to
cognitive and somatic anxiety. Both cognitive and somatic anxiety prior to the task also
failed to predict blood pressure reactivity and recovery, refuting the notion that vitality
may indirectly influence blood pressure by way of negative emotion during stress. Thus,
results failed to support Hypothesis 4. In other words, vitality does not appear to affect
blood pressure over the course of a psychological stressor, directly nor indirectly.
Exploratory analyses probed the effect of sex on systolic blood pressure reactivity
and recovery, which revealed slower rates of change for females, as compared to males.
Such differences are supported by previous literature (e.g., Verma, Balhara, & Gupta,
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2011) and are further discussed in the general discussion. Additional analyses on
demographic factors did not reveal any differences in vitality based on sex or race.
Previous literature alludes to potential disparities in vitality level (e.g., Kuzbansky &
Thurston, 2007; Richman et al., 2009); however, follow-up analyses detected no
differences based on these factors.
Overall, the findings from the current study ran conceptually inconsistent with the
hypothesis that vitality would predict rate of blood pressure reactivity and recovery.
Vitality was, instead, unrelated to both reactivity and recovery. In addition, vitality was
unrelated to cognitive and somatic anxiety prior to the stress task. This result was also
contradictory of one of the study hypotheses, predicting that vitality may affect blood
pressure by reducing anxiety about the task. Yet, cognitive and somatic anxiety were also
unrelated to systolic and diastolic blood pressure reactivity and recovery. The lack of
evidence for vitality may be due to a number of potential issues, which are discussed in
depth in the general discussion. One explanation is that vitality may truly affect blood
pressure reactivity and/or recovery indirectly, but it might not be through the dissipation
of anxiety. Instead, vitality may reduce other negative emotions tied to stress. Another
potential issue concerns the ecological validity of the study. Little research exists on the
protective capabilities of vitality in the presence of stress; however, a laboratory stressor
may not completely emulate the experience of daily stress, as well as how vitality may
protect someone against physiological responses to daily stress. In other words, an
intense, momentary stressor may not be the best context to examine fluctuations in blood
pressure in relation to vitality. The next study builds on the current study by expanding

41
the time of measurement and moving measurement to a context with more realism: daily
life. Thus, Study II investigates changes in blood pressure in relation to vitality over the
span of several days, rather than several minutes.
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STUDY TWO
The second study will take a longitudinal approach to examining subjective
vitality and blood pressure. Laboratory studies are powerful tools that allow for much
environmental control, but complex phenomena such as those in the current work may
look differently in the real world (Laurenceau & Bolger, 2013). Though studies have
illustrated parallels between in-laboratory responses to stress and that of daily life stress
outside the laboratory (Dolan et al., 2005), the current study examines whether vitality is
linked to blood pressure outside the lab, across a longer period of time. Thus, Study II
will employ an ecological momentary assessment (EMA) procedure to track changes in
both subjective vitality and ambulatory blood pressure in daily life. Because vitality and
blood pressure are theorized to change with momentary fluctuation in experiences of
stress in daily life (e.g., Thomas et al., 2019), and stress is considered to be largely
cumulative, EMA seemed to be an appropriate next step in the investigation of vitality
and blood pressure. By employing a longitudinal method over a longer period of time, we
will begin to disentangle the potential pathways by which vitality is potentially related to
blood pressure and overall cardiovascular health over a several-day span.
In addition to a longer period of time, the current study will also employ less
invasive methods of study. Ambulatory blood pressure monitoring will be used in place
of a normal blood pressure cuff, and psychological measures will be sent directly the
participant via text messaging. Methods such as these will be less intrusive during the
participant’s daily activities and will capture fluctuations throughout the days of study.
For instance, ambulatory blood pressure studies typically illustrate a pattern of blood
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pressure responses, where blood pressure is the highest during the day and lowest at night
(Morris et al., 2013). The current study will extend this finding by incorporating vitality
as a predictor of such change. Vitality is expected to predict such fluctuations, so vitality
will be measured at the beginning and end of each day. However, the current study will
also test whether such fluctuations in vitality and blood pressure are related to changes in
perceived stress, or in other words, testing whether vitality affects blood pressure
indirectly.
Together, the goal of the central analyses was to examine time-varying effects of
daily vitality and daily perceived stress on ambulatory blood pressure. Multilevel
analyses will be conducted using hierarchical linear modeling, which allows the modeling
of time-invariant and time-varying predictors of change in ambulatory blood pressure
over repeated measurement occasions. The multilevel model will consist of two levels of
analysis: daily observations (Level 1) will be nested within the individuals (Level 2). The
Level 1 model will include the growth parameters (intercept and slope), the time-varying
predictors (daily vitality and daily perceived stress), and a within-person residual; and the
Level 2 model will include time-invariant (between-individual) predictors on variation in
intercepts, slopes, and time-varying predictors and include random effects for these
parameters (i.e., individual differences in these parameters).
Advantages and Disadvantages of Ambulatory Blood Pressure Monitoring
Though in-laboratory blood pressure measurement is useful in identifying patterns
of blood pressure, ambulatory blood pressure monitoring (ABPM) is often considered to
be the gold standard when it comes to identifying individual changes in blood pressure
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over time (Bonafini & Fava, 2015; Chrubasik-Hausmann et al., 2014; Hodgkinson et al.,
2011). Decades of research and clinical usage have validated the use of ABPM, with
measurements accurate to within 5 mm Hg of readings taken with a classic mercury
sphygmomanometer (O’Brien et al., 2002). Using an oscillometric technique, ambulatory
blood pressure monitoring takes a number of blood pressure measurements at set
intervals over an extended period of time (Pickering et al., 2006). Ambulatory blood
pressure monitors are relatively small and lightweight and are attached to a small, selfinflating sphygmomanometer cuff, allowing for measurement of blood pressure patterns
during normal, everyday activities. Thus, one benefit of ABPM is its relatively noninvasive nature. An additional benefit of ambulatory blood pressure monitoring is that it
allows blood pressure to be collected outside of the laboratory or doctor’s office itself,
which is evidenced to influence momentary blood pressure patterns (Pickering et al.,
2006). For example, some individuals may experience the white coat effect, or a
temporary increase in blood pressure when their blood pressure is taken in a laboratory or
healthcare setting (Pickering et al., 1988; 2006). Approximately 15-30% of elevated
blood pressure readings in these settings is due to the white coat effect (Pickering et al.,
2006). Similarly, some individuals may also experience lower or normal blood pressure
readings while in a laboratory or healthcare setting, but high ambulatory blood pressure
readings, an effect referred to as masked hypertension (Pickering et al., 2006). In turn,
ambulatory blood pressure monitoring is used to assess blood pressure patterns in daily
life, which may go unnoticed in a laboratory or office setting. Another significant benefit
of ambulatory measures of blood pressure is that this mode of measurement provides a
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more holistic estimate of future risk for hypertension and cardiovascular disease (e.g.,
Dolan et al., 2005; Hansen, et al., 2005, Hansen et al., 2006; Khattar et al., 1999; Yang et
al., 2019). Ambulatory blood pressure is also demonstrated to be more reliable as a
predictor of all-cause and cardiovascular mortality than office blood pressure (Hansen et
al., 2005; Hansen et al., 2006). Thus, the longitudinal, noninvasive nature of ambulatory
blood pressure monitoring allows for further generalization of research into daily life.
Although ambulatory blood pressure monitoring has many advantages, there are
also a few disadvantages to this technique. Though the monitors are small and
lightweight, some individuals can experience small discomfort when wearing the device
(Pickering et al., 2006). Additionally, some individuals experience disruptions in sleep
due to nighttime activation and inflation of the sphygmomanometer cuff. Irritation of the
skin can also occur where the cuff is attached, especially if the testing period spans more
than a few days. In comparison to the benefits, however, the disadvantages of ambulatory
blood pressure monitoring are minor, offsetting most disruptions caused by the device.
Study II Hypotheses
Hypothesis 1: Overall, it is predicted that vitality will be higher in the morning
and lower at the end of the day. Theory suggests that vitality may change throughout the
day, such that daily stressors may naturally reduce experiences of vitality as the day goes
on (Lavrusheva, 2020; Nix et al., 1999; Ryan & Frederick, 1997).
Hypothesis 2: Because vitality is thought to allow for greater regulation (Rozanski
& Cohen, 2006; Rozanski et al., 2005), is also hypothesized that higher levels of average
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daily vitality will predict lower (healthier, 120/80) average daily and nightly ambulatory
blood pressure.
Hypothesis 3: Because stress is shown to be associated with ambulatory blood
pressure (e.g., Matthews, Owens, Allen, & Stoney, 1992), it is hypothesized that greater
perceived daily stress will predict greater average daytime and nighttime blood
ambulatory blood pressure.
Hypothesis 4: Given the daily diary-type format of data collection, hierarchical
linear modeling will also be used to investigate relationships between vitality and
ambulatory blood pressure. It is hypothesized that vitality will predict daytime and
nighttime ambulatory blood pressure, even when controlling for covariates, which would
demonstrate the direct effects of vitality on blood pressure.
Hypothesis 5: To test whether vitality also affects blood pressure indirectly,
hierarchical linear modeling will also be used to investigate whether vitality interacts
with stress, which then affects blood pressure. It is hypothesized that vitality and stress
will interact to affect daytime and nighttime ambulatory blood pressure, even when
controlling for covariates.
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METHOD
Participants
A total of 100 undergraduates (55 women, 45 men; Mage = 18.97, SDage = 2.53)
completed the study for partial course credit. Participants described themselves as
primarily White (81%), with the rest falling in the category of Other (19%). Average
blood pressure levels were approximately normal, M = 120.47/70.26, SD = 8.25/4.44,
ranging from 110 to 136 and 58 to 85 for systolic and diastolic blood pressure,
respectively. Participants were pre-screened for chronic health conditions and were
required to possess either an Apple or Android smartphone for daily survey completion.
As with linear growth modeling, formal power analyses do not exist for hierarchical
linear modeling (Field et al., 2013; Raudenbush & Bryk, 2002). However, similar studies
typically collect data from approximately 100 individuals (e.g., Juth, Dickerson, Zoccola,
& Lam, 2015; McCrae et al., 2008; Wu & Buchanan, 2019). Due to the nested nature of
the data, samples as small as N = 50 have yielded well-fitting results (Maas & Hox,
2005).
Procedure
Participants entered the laboratory upon signing up online. After providing
informed consent, participants completed several baseline questionnaires, including
measures of subjective vitality (SVS; Ryan & Frederick, 1997) and self-reported anxiety
and depression symptoms (HADS; Zigmund & Snaith, 1983). Then, a research assistant
installed the Illumivu mobile app (Illumivu, n.d.) on the participant’s smartphone and
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provided a demonstration on how to complete the daily measures over the course of the
monitoring period. Each day throughout the day, participants were prompted by the
Illumivu app to complete the surveys: twice daily regarding subjective vitality level and
once daily about stress level. In addition, participants received an Oscar-2 ambulatory
blood pressure monitor that would take regular readings throughout the day and night.
Participants were awarded course credit for completing in-lab surveys, returning the
ambulatory blood pressure cuff, and uploading daily survey data through the Illumivu
app.
Independent/Predictor Variables
Vitality
Vitality was assessed twice daily using the same measure as in Study I, the sixitem version of the Subjective Vitality Scale (SVS; Ryan & Frederick, 1997).
Assessments were sent out via the Illumivu app on the participants’ smartphone once at
the beginning of each day and once at the end of each day. In addition to a total average
for vitality (M = 4.80, SD = 1.08; momentary a’s ranged from 0.96 to 0.98), vitality
scores were aggregated across all beginning of day measurements to create a morning
vitality score (M = 4.80, SD = 1.08; momentary a’s ranged from 0.96 to 0.98), and
aggregated across all end of day measurements to create an evening vitality score (M =
4.80, SD = 1.08; momentary a’s ranged from 0.96 to 0.97).
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Covariate/Secondary Measures
Similar to that of Study I, several demographic and psychological variables were
included as covariates. During the initial visit, age, sex, and race were captured using
single item measures. Trait depression and anxiety symptoms were also measured during
the initial visit using the Hospital Anxiety and Depression Scale (HADS; Zigmond &
Snaith, 1983), as in Study I. In addition, perceived stress was measured using the stress
subscale from the Depression Anxiety Stress Scale – Short Form (DASS-21; Lovibond &
Lovibond, 1995). This subscale is a 7-item self-report measure captures levels of nonspecific arousal, suitable for clinical and research use. Participants responded to items
such as “I found it difficult to relax” and “I was intolerant of anything that kept me from
getting on with what I was doing” using a 0 (Did not apply to me at all) to 4 (Applied to
me very much, or most of the time) scale (momentary a’s ranged from 0.90 to 0.95).
Dependent/Outcome Variables
Blood Pressure
Participants were fitted and equipped with an Oscar-2 ambulatory blood pressure
monitor. The blood pressure cuff self-inflated and recorded both diastolic and systolic
blood pressure measurements approximately every four hours, resulting in six
measurements per day (18 total blood pressure measurements). For exploratory purposes,
blood pressure measurements were also grouped, such that three measurements toward
the beginning of each day made up the morning blood pressure measurements, and three
measurements throughout the end of each day made up the evening blood pressure
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measurements. This way, blood pressure measurements could be paired with respective
vitality measurements.
Analytic Strategy
Prior to analysis, data were cleaned and inspected for normality using SPSS
version 26 (IBM Corp, USA). The few cases of missing data were ignored, as imputation
is not required in multilevel modeling with repeated measures type data (Tabachnick &
Fidell, 2007). Data was converted from wide to long format, and participant was treated
as a random effect with measurements nested within each individual. Intra-class
correlation coefficients were first used to examine within-day variability in diastolic and
systolic blood pressure. The intraclass correlation coefficient (ICC) was high in the null
baseline model for both systolic (> 0.31) and diastolic (> 0.38) blood pressure, indicating
clustering and providing strong enough evidence to utilize a hierarchical linear model to
examine the predictors. Additionally, the within-person variance ranged from 13-24% for
stress and vitality, indicating much state-level variability for the two constructs.
In the case of the current data structure, hierarchical linear modeling has many
benefits. In comparison to classic repeated-measures type analyses, hierarchical linear
modeling requires much less in terms of assumptions. The clustered-nature of the data
may lead to between-group heteroskedasticity, and the effects of the predictor variables
may differ amongst individuals. HLM allows for maximal use of the data, ensuring
accuracy in its estimates without sacrificing degrees of freedom. This type of analysis
will allow further understanding of the relationships between vitality and blood pressure,
generalized to daily life.

51
Hierarchical linear modeling is a complex form of regression that requires data to
be structured such that lower level units (Level 1: ambulatory blood pressure over time,
vitality over time, and stress over time) are nested within higher level (Level 2:
participant) units (Byrk and Raudenbush, 1992; Raudenbush & Byrk, 2002). Level 1
variables (vitality and perceived stress) were group mean centered, and level 2 variables
(age, vitality, perceived stress, trait vitality, anxiety symptoms, and depressive
symptoms) were all grand mean centered prior to analysis.
To test the hypotheses, the data was analyzed using a hierarchical linear
regression based on the lme4 package (Bates, Maechler, Bolker, & Walker, 2015) in R (R
Core Team, 2014). In a preliminary step, an intercept-only model was specified to
estimate the total systematic variance in the outcome variables. The outcome variables
were then individually regressed on a random-effect variable for participants. These
served as the null baseline models on which the next steps were built on. Next, a two-step
hierarchical linear model was specified. In the first step, participants were entered as a
random factor to control for their associated intraclass correlation. The main predictor,
vitality, was added in step two, along with covariates – age, race, gender, anxiety
symptoms, depression symptoms, and perceived stress level.
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RESULTS
Preliminary Analyses
The analysis dataset consisted of 100 (participants) * 18 (measurements over 3
days) = 1800 observations. Three individuals had significant levels of missing data and/or
extreme outliers and were dropped from the analysis, leaving 97 individuals (1737
observations). Variables were all approximately normally distributed, besides age, which
had a slight positive skew. Inspection of person-by-person scatterplots of diastolic and
systolic blood pressure indicated significant variability in the intercept and slope for each
individual. Table 8 presents the means, standard deviations, and significant zero-order
correlations for all variables.
As seen in Table 8, all blood pressure measurements appear to have a strong
relationship. In healthy individuals, diastolic and systolic blood pressure tend to move
together (Schillaci & Pucci, 2010), so for a college-aged, healthy sample such as those in
the current study, it is to be expected. Interestingly, trait vitality and vitality scores were
unrelated (r = -0.03, p > 0.05), which may be due to the longitudinal and variable statelike nature of vitality, or even due to the hypothetical (“Usually, I feel…”) nature of the
trait measure of vitality. Trait vitality was also unrelated to almost all other constructs in
the study, suggesting that there may be issues with validity and reliability. Stress and
average vitality were not significantly related (r = -0.10, p > 0.05), but significant
relationships emerged when vitality was broken down by time of day. Specifically, higher
morning vitality was related to significantly higher stress (r = 0.22, p < 0.05), and higher
evening vitality was related to significantly lower stress (r = -0.46, p < 0.01).
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More specific to the research question, there appears to be a pattern of significant
relationships among vitality levels and blood pressure levels, but only when looking at
specific times of the day (i.e., morning or evening vitality levels). When looking at
average vitality levels over all time points, vitality does not appear to have any bivariate
relationship with systolic or diastolic blood pressure levels. However, when vitality is
aggregated across morning and evening measurements, separately, significant
relationships begin to emerge. Higher morning vitality levels were significantly related to
higher daytime diastolic (r = 0.23, p < 0.05) and systolic blood pressure (r = 0.20, p <
0.05), but unrelated to nighttime or overall blood pressure measurements. In contrast,
higher evening vitality levels were related to significantly lower daytime (r = -0.21, p <
0.05; r = -0.24, p < 0.05), nighttime (r = -0.21, p < 0.05; r = -0.23, p < 0.05), and overall
(r = -0.24, p < 0.05; r = -0.26, p < 0.01) diastolic and systolic blood pressure
measurements, respectively.
Similar relationships emerged for stress and blood pressure, however, such that
higher stress levels were related to significantly higher daytime (r = -0.21, p < 0.05; r = 0.23, p < 0.05) and overall (r = -0.21, p < 0.05; r = -0.23, p < 0.05) diastolic and systolic
blood pressure, respectively. However, similar to morning vitality levels, stress was
unrelated to both nighttime diastolic (r = 0.13) and nighttime systolic blood pressure (r =
0.18), which is most likely due to the timing of stress measurements (all occurring at the
start of the day).

Table 8. Means, standard deviations, and correlations for variables in Study II
M

SD

1. Age

18.97

2.53

2. Trait Vitality

3.67

1.09

-.03

3. Anxiety
Symptoms

5.47

5.22

.07

-.02

4. Depressive
Symptoms

4.44

4.48

-.07

-.20*

.30**

15.93

5.97

.03

.02

-.21*

-.00

6. Vitality

3.87

1.14

-.02

-.09

-.12

-.04

-.10

7. Vitality AM

4.37

0.63

.04

-.12

-.17

.01

.22*

.88**

8. Vitality PM

3.36

0.51

-.09

-.03

-.02

-.09

-.46**

.80**

.41**

120.48

4.89

-.06

.03

-.13

-.10

.27**

-.09

.08

-.26**

70.27

2.88

.07

.00

-.11

-.06

.22*

-.10

.05

-.24*

.66**

11. SBP AM

121.16

4.47

-.10

.05

-.14

-.05

.34**

-.00

.20*

-.24*

.85**

.60**

12. SBP PM

119.80

6.40

-.01

.02

-.10

-.12

.18

-.14

-.02

-.23*

.93**

.59**

.60**

13. DBP AM

71.04

2.99

.07

.01

-.19

-.10

.27**

.04

.23*

-.21*

.60**

.86**

.63**

14. DBP PM

69.49

3.54

.06

-.01

-.02

-.00

.13

-.19

-.10

-.21*

.57**

.90**

.44**

5. Stress

9. SBP
10. DBP

1

2

3

4

5

6

7

8

9

10

11

12

13
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Variable

.47*
*
.57*
*

Note: M and SD are used to represent mean and standard deviation, respectively. * indicates p < .05. ** indicates p < .01.

.55**
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Fluctuations in Vitality and Blood Pressure
Morning measures of vitality were aggregated to create a composite morning
vitality measure, and evening measures of vitality were aggregated to create a composite
evening vitality measure. A paired-samples t-test was calculated to measure the
differences between morning and evening vitality levels (t(99) = 15.99, p < 0.01), which
revealed morning vitality levels (M = 4.37, SD = 0.63) to be significantly higher than
evening vitality levels (M = 3.36, SD = 0.51). These results suggest that vitality may
change throughout the day, with vitality being the highest at the beginning of the day, and
lowest at the end of the day.
Similarly, systolic and diastolic blood pressure were aggregated in the morning
and the evening to create composite morning and evening blood pressure measurements.
Paired-samples t-tests revealed significant differences between morning and evening
systolic (t(99) = 2.38, p < 0.01) and diastolic (t(99) = 4.94, p < 0.01) blood pressure.
Specifically, morning systolic blood pressure (M = 121.16, SD = 4.47) was significantly
higher than evening systolic blood pressure (M = 119.80, SD = 6.40), and morning
diastolic blood pressure (M = 71.04, SD = 2.99) was significantly higher than evening
blood pressure (M = 69.49, SD = 3.54). Blood pressure, thus, was higher in the morning
and shifted lower by the evening.
Primary Analyses
The intraclass correlation coefficient (ICC) was high in the null baseline model
for both systolic (> 0.31) and diastolic (> 0.37) blood pressure, indicating significant
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clustering and providing strong enough evidence to utilize a hierarchical linear model. A
hierarchical linear model was specified and estimated for diastolic and systolic blood
pressure that allowed each participant to have their own initial blood pressure level and
rate of change in blood pressure, which significantly improved fit from the intercept-only
model. Because the main goal of the analysis was to examine whether within-individual
changes in vitality predicted changes in blood pressure, baseline and time-varying
predictor variables were included to explore the potential causal relationship between
vitality and blood pressure. Vitality was predicted to vary amongst individuals and was
predicted to relate to blood pressure over the course of the three-day period. Specifically,
vitality was hypothesized to fluctuate with blood pressure throughout the course of the
day. The key hypothesis was that those with higher levels of vitality would show
healthier, more well-regulated blood pressure levels, compared to those with lower levels
of vitality, who were predicted to show less overall variability in blood pressure across
time. Time-varying covariates were centered around the individuals’ means (see
Raudenbush & Bryk, 2002 for a discussion on centering). The individual mean was used
as a baseline measure, which shows the long-term relationship between vitality and blood
pressure, while the time-varying measure shows the short-term relationship between
vitality and blood pressure.
The results of the analysis are presented in Table 9 and in Figures 7 and 8. Table
10 contains two sets of parameter estimates for diastolic and systolic blood pressure,
respectively. The first set of parameter estimates, the fixed effects, can be thought of as
the results for typical participants. The second set of parameter estimates are random
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effects, which describe variability at two levels: At the higher level (Level 2), they
describe the extent to which individual data points vary from the values predicted by the
model (e.g. individual deviation from participant averages); and at the lower level (Level
1), they describe intercepts and slopes for individual data points. As seen in Figures 7 and
8, there appears to be a non-linear pattern of blood pressure across each time point of
each day, dipping lower in the evening and higher in the morning. Figures 7 and 8
illustrate the patterns of systolic and diastolic blood pressure, beginning at t1, or morning
of the first day. The values in Table 10 illustrate that time had a significant effect on
systolic blood pressure level (B = 0.25, 95% CI 0.03, 0.47, p < 0.05) and a marginally
significant effect on diastolic blood pressure (B = 0.12, 95% CI -0.01, 0.25, p = 0.08).
Thus, it appears that time had an effect on blood pressure level, specifically systolic
blood pressure.
Figures 7 and 8. Average systolic and diastolic blood pressure across the three-day span.
Blood pressure readings begin on the morning of the first day.
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As with blood pressure, vitality was plotted as a function of time, which can be
found in Figure 9. Plots of vitality suggest ebbs and flows similar to blood pressure. To
test the main hypotheses, vitality was added into the model as a predictor. Controlling for
time, higher vitality level over the course of three-day period predicted increases in
diastolic (B = 0.68, 95% CI 0.46, 0.89, p < 0.01) and systolic (B = 0.71, 95% CI
0.35, 1.07, p < 0.01) blood pressure, even with the inclusion of covariates (none of
which were significant). The positive nature of the slope estimates suggest that vitality
and blood pressure move together; however, with the nonlinear nature of the relationship,
it is difficult to fit a regression line. Within-person vitality levels, indeed, predicted
within-person blood pressure.
Figure 9. Average vitality across the three-day span

In order to test whether reduction of stress may moderate the relationship between
vitality and blood pressure, perceived stress and an interaction term between vitality and
stress were both added as predictors. A main effect of perceived stress emerged, such that
increases in perceived stress also successfully predicted increases in systolic (B = 0.10,
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95% CI 0.07, 0.14, p < 0.01) and diastolic (B = 0.06, 95% CI 0.04, 0.08, p < 0.01) blood
pressure, even with the inclusion of covariates. Additionally, the interaction between
vitality and stress was also significant, but only for diastolic blood pressure (B = 0.03,
0.01, 0.05, p < 0.01). The effect for systolic blood pressure was similar, but did not reach
significance (B = 0.03, 0.00, 0.06, p = 0.07). In support of Hypothesis 5, it appears that
vitality may affect diastolic blood pressure by way of perceived stress.
The results of the full model are in Table 10. The marginal R2 values ranged from
0.073 - 0.099, indicating that less than 10% of the variance can be explained by the fixed
effects. The conditional R2 values, on the other hand, ranged from 0.565 – 0.570,
indicating that the model, both fixed and random effects, accounts for approximately 57%
of the variance in blood pressure. The fit of the full model (Table 9) was significantly
better than the null, baseline model for both systolic (χ2(3) = 59.40 p < .0001) and
diastolic (χ2(8) = 138.95, p < .0001) blood pressure models.
Table 9. Model comparison of baseline and final model fit for systolic and diastolic blood
pressure
Model

df

Baseline
Full

1
2

6
9

Baseline
Full

1
2

6
14

AIC

BIC

logLik

Systolic Blood Pressure
11860.95
11893.71
-5924.477
11807.55
11856.69
-5894.776
Diastolic Blood Pressure
9484.84
9517.60
-4736.421
9361.89
9438.95
-4666.95

Test

L.Ratio

p-value

1 vs 2

59.402

<.0001

1 vs 2

138.951

<0.001
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Table 10. Results of linear mixed-effects models for effects of vitality on systolic and
diastolic blood pressure across the daily measurements.
SBP
Predictors

DBP

Estimates

CI

p

Estimates

CI

p

119.51

118.39 – 120.63

<0.001

69.75

68.97 – 70.54

<0.001

Time

0.25

0.03 – 0.47

0.026

0.12

-0.01 – 0.25

0.081

Vitality

0.71

0.35 – 1.07

<0.001

0.68

0.46 – 0.89

<0.001

Vitality*Time

0.21

0.01—0.41

0.025

0.08

-0.04—0.20

0.176

Perceived Stress

0.10

0.07 – 0.14

<0.001

0.06

0.04 – 0.08

<0.001

Anxiety Symptoms

-0.06

-0.25 – 0.13

0.536

-0.02

-0.13 – 0.08

0.680

Age

-0.15

-0.52 – 0.22

0.433

0.06

-0.15 – 0.28

0.561

Depressive Symptoms

-0.08

-0.30 – 0.14

0.487

-0.03

-0.16 – 0.09

0.596

Race

-0.60

-3.10 – 1.90

0.639

-0.74

-2.18 – 0.69

0.311

Sex

-0.99

-2.86 – 0.88

0.301

-0.17

-1.25 – 0.90

0.751

Vitality*Stress

0.03

-0.00 – 0.06

0.066

0.03

0.01 – 0.05

0.001

(Intercept)

Random Effects
σ2

45.68

10.66

τ00

14.50 SUBJECTID

10.65 SUBJECTID

τ11

0.02 SUBJECTID.Time

0.02 SUBJECTID.Time

ρ01

0.28

-0.67

ICC

0.30

0.40

N

97 SUBJECTID

97 SUBJECTID

Observations

1737

1737

Marginal R2 / Conditional R2

0.073 / 0.565

0.099 / 0.570
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Exploratory Analyses
Regression Analyses
Measures for blood pressure and vitality were aggregated for exploratory linear
regression analyses. Blood pressure measurements were averaged for the beginning of the
day and the end of the day, creating an average morning and average evening blood
pressure score for both diastolic and systolic blood pressure. The same was done for
vitality, such that each individual had an average morning and average evening vitality
score. Blood pressure scores were regressed onto vitality scores while controlling for
covariates (e.g., age, race, sex, depressive symptoms, anxiety symptoms, perceived stress,
and trait vitality).
First, higher morning vitality significantly predicted higher morning systolic (b =
1.411, p < 0.05, R2 = 0.04) and diastolic (b = 0.93, p < 0.05, R2 = 0.065) blood pressure,
even with the inclusion of covariates. At the same time, higher evening vitality predicted
lower evening systolic (b = -2.92, p < 0.05, R2 = 0.074) and diastolic (b = -1.50, p < 0.05,
R2 = 0.064) blood pressure. Looking at comparisons across time, higher evening vitality
significantly predicted lower morning diastolic (b = -1.26, p < 0.05, R2 = 0.104) and
lower systolic blood pressure (b = -2.11, p < 0.05, R2 = 0.154). Interestingly, however,
morning vitality was unrelated to both evening diastolic and evening systolic blood
pressure.
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Causality
To assess the possibility of bidirectional causality, I analyzed two sets of models:
(a) blood pressure as the outcome with vitality as a time-varying predictor and (b) vitality
as the outcome with blood pressure as a time-varying predictor. It is quite possible that
vitality and blood pressure have a cyclical relationship, such that lower blood pressure
may indicate less need for regulation, allowing vitality to remain high, which then
encourages regulation of physiological responses, like blood pressure (Rozanski et al.,
2005). Using a linear mixed-effects model with vitality as the outcome, blood pressure
was entered as a time-varying predictor after being centered at the participant level.
Covariates from primary analyses were also included in the model. Short-term changes in
systolic (B = 0.02, 95% CI 0.01, 0.04, p < 0.01) and diastolic (B = 0.06, 95% CI
0.05, 0.07, p < 0.01) blood pressure, indeed, predicted subsequent changes in vitality
level. Interestingly, perceived stress did not emerge as a significant predictor in this
model, for systolic (B = -0.005, 95% CI -0.01, 0.002, p = 0.25), nor diastolic (B = -0.006,
95% CI -0.01, 0.002, p = 0.12) blood pressure, suggesting that stress may not inversely
affect vitality.
Study II Discussion
The purpose of Study II was to examine the supposed relationship between
vitality and blood pressure during over the course of several days. Specifically, vitality
was hypothesized to predict daily changes in diastolic and systolic blood pressure,
following Kuzbansky and Thurston’s (2007) model. Initial analyses revealed a nonlinear,
diurnal pattern of blood pressure throughout each day, such that blood pressure was
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highest during the day and lowest at night. This pattern conceptually replicates previous
research (e.g., Morris et al., 2013). Similarly, vitality was highest toward the beginning of
the day, and lowest at the end of the day, providing empirical evidence in support of the
hypothesis (Hypothesis 1) that vitality, indeed, fluctuates throughout the day (e.g.,
Lavrusheva, 2020; Ryan & Frederick, 1997).
In support of the primary study hypothesis (Hypotheses 4), vitality was revealed
to be a significant predictor of fluctuations in blood pressure. Thus, vitality appears to
have an impact on fluctuations in blood pressure throughout the day, providing evidence
for the direct pathway in the model theorized by Kuzbansky and Thurston (2007). The
nonlinear pattern of the relationship makes it difficult to interpret the slope at face value,
but it appears that vitality has a positive relationship with blood pressure. In other words,
the results suggest that increases in vitality correspond to increases in blood pressure,
which runs slightly inconsistent with Hypothesis 2. Instead of vitality regulating blood
pressure, it appears that vitality actually increases with blood pressure.
However, in support of Hypothesis 3, perceived stress also emerged as a predictor
of changes in systolic and diastolic blood pressure, such that higher perceived stress
corresponded with higher blood pressure. This also suggests that vitality may not only
affect blood pressure directly, but also through perceived stress. Such a finding supports
the “indirect” pathway of Kuzbansky and Thurston’s (2007) model, or that vitality may
affect blood pressure indirectly by reducing negative emotional states that contribute to
increases in blood pressure. Partially supporting Hypothesis 5, perceived stress and
vitality interacted to affect blood pressure as well, but only for diastolic blood pressure.
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Thus, it appears that the effect of vitality on blood pressure depends on stress level.
However, the exact nature of this interaction is difficult to interpret, due to the
nonlinearity of the study.
Correlational analyses illustrated inconsistent relationships between vitality and
blood pressure, such that evening vitality levels were inversely related to daytime and
nighttime blood pressure, while morning vitality only shared a significant relationship
with daytime blood pressure. Further regression analyses revealed that not only did
beginning of day vitality predict beginning of day blood pressure, and end of day vitality
predict end of day blood pressure, but there was also evidence of potential lagged effects,
such that evening vitality level predicted daytime blood pressure level. Morning vitality
level, interestingly enough, was not related to nighttime blood pressure, however. This
discrepancy in relationship may be due to a number of factors, such as daily experiences
of stress or even daily diet, which are beyond the scope of the current study design (see
General Discussion and Limitations).
Additional analyses tested the causal relationship between vitality and blood
pressure. Results of this analysis revealed both systolic and diastolic blood pressure to be
predictors of vitality, providing evidence of a bidirectional relationship. As suggested by
Richman and colleagues (2009), vitality is likely to share a cyclical relationship with
indicators of cardiovascular health. Because vitality is thought to provide flexible energy
for the mitigation of negative emotions and physiological responses, this may leave room
for regulated responses to stress and for positive experiences that may reinforce vitality
levels, which then leads to more effective stress responses, and so on (Richman et al.,
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2009; Rozanski and Kuzbansky, 2005). In other words, results of the exploratory
analyses support this notion of vitality as an important factor when considering
cardiovascular indicators of health.
In sum, Study II showed evidence of vitality as an important facet of health,
specifically related to daily shifts in blood pressure. Specifically, the current study
provides initial evidence of the mechanisms by which vitality may affect blood pressure.
Existing literature illustrates vitality’s relation to indicators of cardiovascular health (e.g.,
Boehm & Kuzbansky, 2012; Richman et al., 2009); however, mechanisms by which
vitality affects cardiovascular health were unclear. The current study provides the first bit
of evidence toward specific pathways by which vitality is linked to blood pressure, an
important aspect of cardiovascular health.
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GENERAL DISCUSSION
The current set of studies examined the relationship between vitality and blood
pressure, an indicator of cardiovascular health. Specifically, the purpose was to
investigate vitality as a predictor of changes in blood pressure across time. Prior research
links vitality to decreased prospective risk for development of hypertension and
cardiovascular disease (Kuzbansky & Thurston, 2007; Richman et al., 2009); however,
mechanisms that link vitality to cardiovascular outcomes are not entirely understood. It
was reasoned that vitality may be linked to cardiovascular outcomes in the long term by
way of cardiovascular indicators (i.e., blood pressure) in the short term. Providing the
first direct test of vitality as a predictor of momentary fluctuations in blood pressure, the
current project demonstrated further evidence of vitality as an important marker of health.
Study I examined predicted relationship between vitality and blood pressure
within the context of a stress task. The overall curvilinear pattern of blood pressure
responses across time was similar to that of previous cardiovascular reactivity research
(e.g., Llabre et al., 2001). It is also worth mentioning that additional analyses found sex
differences in rate of reactivity and recovery. Typical studies of blood pressure reactivity
illustrate varying results, often based on the type of stress task (e.g., Ordaz & Luna, 2012;
Whited & Larkin, 2009; Verma, Balhara, & Gupta, 2011). Gender-based relevance of the
stress task is sometimes found to lead to sex differences in similar studies, such that
females typically react more strongly to socially based stressors (Whited & Larkin 2009);
however, in the current study, that was not necessarily the case. Males tended to show
higher resting and task blood pressure levels than females, but females tended to have
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slower rates of change in reactivity and recovery. Though this is finding is surprising, it
could be speculated that it may have to do with the gender of the research assistants,
which were nearly all female. Female research assistants may have been perceived as
more threatening to males and less to females during the psychosocial stressor, though
this is mostly supposition.
Regarding the primary hypotheses, however, Study I revealed no evidence of a
relationship between vitality and blood pressure during and after a stress task. Such a
result is conceptually inconsistent with previous research, which identifies vitality as a
protective factor in the presence of stress (e.g., Benyamini et al., 2000; Penninx et al.,
2000; Tremblay, Blanchard, Pelletier, & Vallerand, 2006). Instead, vitality may not be as
important during times of stress as once thought. Because vitality is also thought to
indirectly regulate physiological responding by reducing negative emotion elicited by
stress (Rozanski et al., 2005), other factors (i.e., anxiety about the task) may be better
suited as direct predictors of blood pressure reactivity and recovery. Contrary to this
prediction, vitality level was unrelated to how cognitively and somatically anxious
participants were feeling prior to the stress task, and both cognitive and somatic anxiety
were also unrelated to blood pressure. Together, results from Study I did not line up with
hypotheses and undermine the notion of vitality’s direct and indirect relationship to blood
pressure in the context of an in-laboratory stress task.
One possibility is that vitality simply is not related to momentary changes in
blood pressure. However, it also could be due to setting. The in-laboratory reactivity
paradigm may not be the best representation of a typical scenario in daily life and may
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not accurately depict the relationship between vitality and fluctuations in blood pressure.
Though laboratory reactivity studies have the benefit of experimental control, it has been
shown that laboratory stressors lack the ecological validity of real-life stressors (Zanstra
& Johnston, 2011). Not all effects demonstrated during laboratory stress studies may
generalize to daily life, including that of blood pressure. It has been demonstrated that
“real world” reactivity scores are not always correlated with laboratory reactivity scores
(Kamarck, Debski, & Manuck, 2000; Turner, Girdler, Sherwood, & Light, 1990). Studies
involving laboratory blood pressure also run the risk of the “white coat effect” (Pickering
et al., 2006), or elevated blood pressure readings only in the context of a “white coat”
environment, such as a doctor’s office or laboratory. Individuals who experience the
“white coat effect” may be identified as being at higher risk for development of
cardiovascular disease when they have otherwise healthy blood pressure in daily life.
Thus, a laboratory may not be the best setting to study important changes in blood
pressure that may correspond with the subjective experience of vitality. In addition, the
sterile, white laboratory environment may have also affected vitality level. Prior research
illustrates that vitality is negatively impacted by indoor, built environments, as opposed
to natural environments (Dovjak & Kukec, 2019; Ryan et al., 2010). Judging by
participants’ vitality scores, it is unlikely that the laboratory room truly affected vitality,
but it is a potential confound that should be considered in future studies.
Another issue that may contribute to the lack of results in Study I is the
assumption that vitality would assuage “anxiety” prior to the task. Instead of cognitive
and somatic anxiety, it could be that vitality is related to blood pressure by way of a
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different experience, such as perceived stress. Anxiety and perceived stress are intricately
different, where perceived stress is traditionally framed around whether one feels as
though the demands exceed their individual ability to cope (Cohen, Kamarck, &
Mermelstein, 1983), whereas anxiety, as measured in the current study, refers to a
generalized state of apprehension that may manifest cognitively and somatically (Thomas
et al., 2002). Though they essentially measure similar emotional states in response to
stress, previous literature specifically links vitality to perceptions of stress, arguing that
high levels of vitality allow more flexibility in the face of stress (Benyamini et al., 2000;
Penninx et al., 2000; Rozanski et al., 2005; Tremblay et al., 2006). Taken together, the
relationship between vitality and blood pressure needed to be examined outside the
laboratory, which was captured in Study II.
Study II investigated vitality, blood pressure, and perceived stress in daily life
context using ecological momentary assessment (EMA). The overall diurnal pattern of
blood pressure was similar to that of previous research, illustrating that blood pressure is
often highest during the daytime and lowest at night (e.g., Morris et al., 2013). Vitality
levels illustrated a similar pattern; vitality was highest at the beginning of the day and
lower toward the end of the day. This particular result corroborates early theorizing on
vitality, which suggests that vitality fluctuates throughout the day based on exposure to
daily stressors (Benyamini et al., 2000; Penninx et al., 2000; Ryan & Frederick, 1997).
Primary findings of Study II confirmed the hypothesis that vitality predicts daily shifts in
blood pressure. Prospective studies link high levels of vitality to a reduced risk for
hypertension and cardiovascular disease (e.g., Richman et al., 2009; Rozanski et al.,
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2005), but the pathways that link vitality and cardiovascular health are unclear. Vitality is
theorized to promote cardiovascular health through the regulation of physiological (i.e.,
blood pressure) and emotional (i.e., perceived stress) responses to stress (Kuzbansky &
Thurston, 2007). Results of Study II support this claim, illustrating both vitality and
perceived stress as predictors of short-term fluctuations in blood pressure. Vitality and
perceived stress also interacted to affect blood pressure, demonstrating that vitality may
affect blood pressure both directly and through negative experiences, as suggested by
Kuzbansky and Thurston’s (2007) model. Specifically, vitality is thought to provide
energy for the regulation of physiological responses, as well as negative emotional states
that may lead to poor physiological responses (Richman et al., 2009; Kuzbansky &
Thurston, 2007). Together, findings of Study II were consistent with the model. It is
important to note, however, that this model was found to be bidirectional blood pressure
also predicted vitality level. This result was not surprising; vitality is theorized to have a
cyclical or bidirectional relationship with blood pressure, such that vitality level is
thought to attenuate poor responses to stress, which then allows for more regulated
responding and leaves room for more positive experiences that may reinforce vitality
(Richman et al., 2009). These results, together, were in line with the study hypotheses
and strengthened evidence for vitality as an important piece of the cardiovascular health.
In a similar vein, the current studies assume that there is a causal relationship
between vitality and blood pressure. Previous literature typically frames vitality as having
a causal effect on other experiences (e.g, hypertension, coronary heart disease), so
hypotheses were constructed with this assumption in mind. However, it is entirely
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possible that vitality is actually just a subjective indicator of physical health. Just as stress
and illness affect physiological processes, vitality may be a conscious, psychological
reflection of physiological functioning. In other words, the subjective experience of
vitality may be a window into the innerworkings of the physical wear-and-tear of stress
and illness. Nonetheless, further research on vitality, and the possibility of vitality as an
important indicator of health, remains important.
The inclusion of both Study I and Study II allowed for the examination of the
research question in two separate contexts, which will inform future research on vitality
and blood pressure. The results of Study I failed to support the hypothesized relationship
between vitality and blood pressure, while the results of Study II provided support for the
hypothesized model by demonstrating (a) that vitality appears to reliably predict shifts in
blood pressure throughout the day, and (b) that vitality may affect blood pressure both
directly and by way of perceived stress. Thus, the hypothesized effect was detected in
Study II, but not Study I. This discrepancy in the study findings is likely due to their
respective context. In addition to issues with the ecological validity of laboratory stress
paradigms, Study I involved a relatively short measurement period, with a single measure
of vitality predicting rapid changes in blood pressure. Meanwhile, Study II tracked
momentary vitality and blood pressure over a much longer, three-day period. With this in
mind, it could be argued that the relationship between vitality and blood pressure may be
more complex, with lagged effects. Exploratory analyses from Study II support this
argument, suggesting that vitality level may not affect immediate blood pressure
responses, but may inform responses later. The design of Study II does not allow for the
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direct examination of lagged effects but should be considered in the future. Overall,
hypotheses were partially supported; vitality predicted changes in blood pressure, but
only in a daily life context. Altogether, the current studies provide novel insight and lay
the foundation for future research, which should work to disseminate the exact timing and
nature of blood pressure in relation to vitality.
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LIMITATIONS
The above results should be interpreted with the awareness of certain limitations.
Both laboratory reactivity and ecological momentary assessment designs afford reliable
control over what can be measured; however, in both cases, third variables may account
for results. For instance, vitality was consistently higher in the morning and lower in the
evening, suggesting that there may be something happening to recharge vitality
overnight, such as sleep. Similarly, diet may also factor into the relationship between
vitality and blood pressure, as diet is shown to individually affect both vitality and blood
pressure (Bazzano, Green, Harrison, & Reynolds, 2013; Jackson & DiPlacido, 2019).
Another important limitation of the current research is that the studies fail to
examine all possible pathways by which vitality is hypothesized to affect blood pressure.
The current studies demonstrated that vitality may affect blood pressure directly, as well
as indirectly, through the reduction of negative emotion that may contribute to shifts in
blood pressure. Still, it is also possible that vitality affects blood pressure by providing
energy that encourages health-promoting behavior, which would require methodology
beyond the scope of the current project.
Although ecological momentary assessment is a powerful tool to assess dynamic
relationships in the real world, Study II only captured two measurements of vitality per
day. To really understand vitality’s effect on blood pressure, a design would ideally
capture a measurement for vitality at each measurement of blood pressure. The current
design captured significant change in vitality from morning to evening, but it may not
represent the true pattern of experiences that happen throughout the day. Additionally,
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Study II analyses did not include lagged relationships between vitality and blood pressure
due to the limited design. The current analyses are a great first step at determining
momentary relationships between vitality and blood pressure, but due to the nonlinear
pattern of data, lagged relationships should be analyzed to understand whether vitality
may affect next-moment or even next-day blood pressure.
This research is also limited in that the construct of vitality has yet to be clearly
defined. While most descriptions of vitality include some mention of “energy” (e.g.,
Kasser & Ryan, 1999; Ryan & Frederick, 1997), what is meant by “energy” remains
unclear. Possibly as a result, there are also many measures of vitality that each capture a
different aspect of the experience. For instance, the Vitality Plus Scale (Myers et al.,
1999) captures the somatic aspects of vitality (i.e., “I often feel drowsy or tired,” and “I
often feel full of pep or energy”), while other measures, such as the Emotional Vitality
Scale (Penninx et al., 1998), capture more of the psychological aspects of vitality (i.e., “I
often feel helpless in dealing with the problems of life,” and “I can do just about anything
I set my mind to”). However, one of the most important aspects of vitality is that it
necessitates both psychological and physiological components interlinked with each other
(Lavrusheva, 2020). Understanding what is meant by “vitality” is a necessary step in
further delineating the relationship between vitality and cardiovascular health.
The generalizability of the results should also be considered. The samples used in
the current studies consisted of primarily White, healthy, college-aged students. Because
there is a lack of research on potential disparities in vitality level among other
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populations, generalizations cannot be drawn from these studies to other groups of
individuals.
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IMPLICATIONS AND FUTURE DIRECTIONS
The current project has a number of real-world implications. Together, the results
of the current studies provide the first glimpse into the theorized relationship between
vitality and short-term indicators of cardiovascular health. According to the model
proposed by Kuzbansky and Thurston (2007), vitality is thought to protect cardiovascular
health in a number of ways: (a) by acting directly on biological systems, (b) indirectly by
mitigating potentially harmful negative emotions elicited by stressful experiences, and (c)
by providing energy for health-promoting behavior. The current project established
vitality as an important predictor of blood pressure and also afforded initial evidence that
vitality may affect blood pressure both directly and indirectly, or the first two pathways.
Though further research is necessary, evidence for these specific pathways by which
vitality may regulate blood pressure responses adds further evidence that vitality protects
cardiovascular health. Still, vitality is considered to be an enduring characteristic, so the
effects of vitality on physiological functioning are expected arise out from the
accumulation of lifetime exposure. The current studies only provide a short glimpse into
this relationship, so longer-term studies should be conducted to fully understand the true
nature of vitality and cardiovascular health.
Findings from these studies also highlight the value of examining vitality and
blood pressure within a short-term, dynamic timeframe. To date, the majority of research
on vitality and cardiovascular health has utilized either cross-sectional or long-term,
prospective data (Boehm & Kuzbansky, 2012; Richman et al., 2009; Rozanski et al.,
2005). This is the first set of studies to-date to examine momentary and within-day
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changes in blood pressure in relation to vitality. Moreover, Study II is also the first study
to-date to document within-day fluctuations of vitality, which demonstrated a lot of
within-person variability (86.8%) across the duration of the study. Understanding statelevel, momentary fluctuations in vitality may be an important avenue for research on
health and well-being.
Future studies should also expand the scope of the statistical analyses to more
closely examine the intricate relationships of vitality and blood pressure across time.
Though the current studies utilize sophisticated statistical techniques, there is more to
glean from this type of data. As mentioned in the section above, lagged, or next-moment,
effects could be examined to distill down the nonlinear relationship of blood pressure and
vitality across time, testing whether vitality may affect next-moment or even next-day
blood pressure.
As mentioned in the previous section, the current studies failed to address all
possible pathways in which vitality may affect blood pressure. Future studies could
extend methodologies to an all-encompassing, long-term study that links vitality to health
promoting behavior. Additionally, future studies could also examine vitality in relation to
other indicators of cardiovascular health, such as mean arterial pressure or pulse rate.
Vitality is likely only a single piece of the cardiovascular puzzle. Future research
should also consider other factors, such as sleep and diet, and their potential effects on
vitality level. As suggested by Peterson and Seligman (2004), there is more unknown
about the experience of vitality than there is known. Building on what is known, future
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studies should aim to nail down a consistent definition for vitality. Agreeance on the
underpinnings of the construct would afford more opportunity for future research.
Because little research exists on disparities in vitality across populations, future
research should target different age groups, racial groups, and specialized populations to
determine generalizability of the study results. Vitality is theorized to vary throughout the
lifespan, and among racial groups (Peterson & Seligman, 2004), but has yet to be
empirically tested.
These findings also have implications that are applicable in the real-world. Given
the relationship between vitality and cardiovascular health, more research is necessary to
fully understand how vitality can be utilized to promote health. Future studies should
work to identify certain interventions that harness vitality. Specifically, interventions
could be designed to incorporate activates that are demonstrated to increase vitality, such
as physical exercise (Witard et al., 2016) and contact with nature (Ryan et al., 2010).
Such interventions could be useful in terms of health and immunological status, and even
pain management (Peterson & Seligman, 2004; Penninx et al., 1999).
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CONCLUSION
The current project provided the first look into the theorized relationship between
vitality and blood pressure, an important indicator of cardiovascular health risk. Existing
literature pays much attention to classic predictors of cardiovascular risk, such as obesity
and poor diet. Findings of the two current studies, however, provide solid evidence to
support the more recent shift toward also understanding psychological experiences that
may contribute to cardiovascular risk. Vitality, in particular, is theorized to reduce risk
for poor cardiovascular outcomes (Richman et al., 2009; Rozanski et al., 2005), but the
specific pathways by which vitality affects cardiovascular health were mostly unknown.
In turn, vitality was hypothesized to affect cardiovascular health in the long-term by
affecting blood pressure, an important indicator of cardiovascular functioning.
Findings from the current studies provide evidence of vitality as a predictor of
blood pressure in daily life. In addition, vitality appeared to affect blood pressure both
directly and indirectly, demonstrating evidence for the specific pathways by which
vitality may affect cardiovascular indicators. Overall, the findings highlight the
importance of considering vitality as being intricately linked to cardiovascular health.
Future research should continue to examine state-level shifts in vitality in relation to
blood pressure suing longitudinal, within-subject methodologies. Understanding the role
of vitality in the development of cardiovascular disease will advance theory and inform
interventions against cardiovascular risk. Further, the identification of the specific
pathways or mechanisms that link vitality to cardiovascular health will strengthen the
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growing body of evidence that positive emotional function protects cardiovascular health
(Boehm & Kuzbansky, 2012).

81

REFERENCES CITED

82
Adie, James W, Duda, Joan L, & Ntoumanis, Nikos. (2008). Autonomy support, basic
need satisfaction and the optimal functioning of adult male and female sport
participants: A test of basic needs theory. Motivation and Emotion, 32(3), 189-199.
Agewall, S., Wikstrand, J., & Fagerberg, B. (1998). Stroke was predicted by dimensions
of quality of life in treated hypertensive men. Stroke, 29, 2329–2333.
doi:10.1161/01.STR.29.11.2329
Albus C. Psychological and social factors in coronary heart disease. Ann Med 2010;
42(7): 487-94.
Allen, M.T., Matthews, K.A., & Sherman, F.S. (1997). Cardiovascular reactivity to stress
and left ventricular mass in youth. Hypertension, 30, 782–787.
Barnett, P. A., Spence, J. D., Manuck, S. B., & Jennings, J. R. (1997). Psychological stress
and the progression of carotid artery disease. Journal of hypertension, 15(1), 49–
55. https://doi.org/10.1097/00004872-199715010-00004
Bassett, D., Duey, W., Walker, A., Torok, D., Howley, E., & Tanaka, H. (1998).
Exaggerated blood pressure response to exercise: Importance of resting blood
pressure. Clinical Physiology (Oxford, England), 18(5), 457-462.
Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting Linear Mixed-Effects
Models Using lme4. Journal of Statistical Software, 67(1), 1 - 48.
doi:http://dx.doi.org/10.18637/jss.v067.i01
Bazzano, L. A., Green, T., Harrison, T. N., & Reynolds, K. (2013). Dietary approaches to
prevent hypertension. Current hypertension reports, 15(6), 694–702.
https://doi.org/10.1007/s11906-013-0390-z
Benyamini, Y., Idler, E. L., Leventhal, H., & Leventhal, E. A. (2000). Positive affect and
function as influences on self-assessments of health: expanding our view beyond
illness and disability. The journals of gerontology. Series B, Psychological
sciences and social sciences, 55(2), P107–P116.
https://doi.org/10.1093/geronb/55.2.p107
Bershad, A. K., Miller, M. A., & de Wit, H. (2017). MDMA does not alter responses to
the Trier Social Stress Test in humans. Psychopharmacology, 234(14), 2159–2166.
https://doi.org/10.1007/s00213-017-4621-x
Boehm, J. K., & Kubzansky, L. D. (2012). The heart's content: the association between
positive psychological well-being and cardiovascular health. Psychological
bulletin, 138(4), 655–691. https://doi.org/10.1037/a0027448

83
Boehm, J. K., Peterson, C., Kivimaki, M., & Kubzansky, L. D. (2011). A prospective
study of positive psychological well-being and coronary heart disease. Health
Psychology, 30, 259–267. doi:10.1037/a0023124
Boehm, J.K., Chen, Y., Qureshi, F., Soo, J., Umukoro, P., Hernandez, R., . . . Kubzansky,
Laura D. (2020). Positive emotions and favorable cardiovascular health: A 20-year
longitudinal study. Preventive Medicine, 136, 106103.
Bonafini, Sara, & Fava, Cristiano. (2015). Home blood pressure measurements:
Advantages and disadvantages compared to office and ambulatory
monitoring. Blood Pressure, 24(6), 325-332.
Bostic, T. J., Rubio, D. M., & Hood, M. (2000). A validation of the subjective vitality
scale using structural equation modeling. Social Indicators Research, 52(3), 313324.
Bryk, A. S., & Raudenbush, S. W. (1992). Advanced qualitative techniques in the social
sciences, 1.Hierarchical linear models: Applications and data analysis
methods. Sage Publications, Inc.
Carroll, D., Ginty, A., Painter, R.C., Roseboom, T.J., Phillips, A.C., & De Rooij. S.R.
(2012). Systolic blood pressure reactions to acute stress are associated with future
hypertension status in the Dutch Famine Birth Cohort Study. International Journal
of Psychophysiology, 85(2), 270-273.
Carroll, D., Phillips, A., Der, G., Hunt, K., & Benzeval, M. (2011). Blood pressure
reactions to acute mental stress and future blood pressure status: Data from the 12year follow-up of the West of Scotland Study. Psychosomatic Medicine, 73(9),
737-42.
Carroll, D., Ring, C., Hunt, K., Ford, G., & Macintyre, S. (2003). Blood pressure reactions
to stress and the prediction of future blood pressure: Effects of sex, age, and
socioeconomic position. Psychosomatic Medicine, 65(6), 1058-64.
Chaney R. H. & Eyman R. K. (1988) Blood pressure at rest and during maximal dynamic
and isometric exercise as predictors of systemic hypertension. Am J Cardiol, 62,
1058-1061.
Chida, Y. & Steptoe, A. (2010). Greater cardiovascular responses to laboratory mental
stress are associated with poor subsequent cardiovascular risk status: A metaanalysis of prospective evidence. Hypertension, 55, 1026-32.
Chrubasik-Hausmann, S., Chrubasik, C., Walz, B., Mönting, J.S., & Erne, P.. (2014).
Comparisons of home and daytime ambulatory blood pressure
measurements. BMC Cardiovascular Disorders, 14(1), 94.

84
Chuang SP, Wu JYW, Wang CS, Pan LH (2017) Positive Psychological Traits, Perceived
Stress and Quality of Life Associated with Sleep Quality in Community-Dwelling
People. J Sleep Disor: Treat Care 6:2. doi: 10.4172/2325-9639.1000190
Cleary, T. (1991). Vitality, energy, spirit: A Taoist source book. Boston: Shambhala
Cohen, Sheldon, Kamarck, Tom, & Mermelstein, Robin. (1983). A Global Measure of
Perceived Stress. Journal of Health and Social Behavior, 24(4), 385-396.
Curran, P., Obeidat, K., & Losardo, D. (2010). Twelve Frequently Asked Questions About
Growth Curve Modeling. Journal of Cognition and Development: Official Journal
of the Cognitive Development Society, 11(2), 121-136.
Curran, Patrick J, Obeidat, Khawla, & Losardo, Diane. (2010). Twelve Frequently Asked
Questions About Growth Curve Modeling. Journal of Cognition and
Development, 11(2), 121-136.
Diener, Ed, & Chan, Micaela Y. (2011). Happy People Live Longer: Subjective WellBeing Contributes to Health and Longevity. Applied Psychology : Health and
Well-being, 3(1), 1-43.
Dolan, E., Stanton, A., Thijs, L., Hinedi, K., Atkins, N., McClory, S., Den Hond, E.,
McCormack, P., Staessen, J.A., & O’Brien, E. (2005). Superiority of ambulatory
over clinic blood pressure measurement in predicting mortality: The Dublin
outcome study. Hypertension, 46, 156–161.
Dovjak M. & Kukec A. (2019) Health Outcomes Related to Built Environments. In:
Creating Healthy and Sustainable Buildings. Springer, Cham.
https://doi.org/10.1007/978-3-030-19412-3_2
Field, A., Miles, J., & Field, Z. (2013). Discovering statistics using R. Los Angeles, Calif:
Sage.
Fredrickson, B., & Levenson, R. (1998). Positive Emotions Speed Recovery from the
Cardiovascular Sequelae of Negative Emotions. Cognition & Emotion, 12(2), 191220.
Fredrickson, B.L., & Levenson, R.W. (1998). Positive emotions speed recovery from the
cardiovascular sequelae of negative emotions. Cognition and Emotion, 12, 191–
220.
Giltay, E. J., Geleijnse, J. M., Zitman, F. G., Hoekstra, T., & Schouten, E. G. (2004).
Dispositional optimism and all-cause and cardiovascular mortality in a prospective
cohort of elderly dutch men and women. Archives of general psychiatry, 61(11),
1126–1135.

85
Greenglass, E. R. (2006). Vitality and vigor: Implications for healthy functioning. In P.
Buchwald (Ed.), Stress and anxiety: Application to health, work place, community,
and education (p. 65–86). Cambridge Scholars Publishing.
Gunnell, K., Mosewich, A., McEwen, C., Eklund, R.C. & Crocker, P. (2017). Don't be so
hard on yourself! Changes in self-compassion during the first year of university are
associated with changes in well-being. Personality and Individual Differences,107,
43-48.
Hansen, T., Jeppesen, J., Rasmussen, S., Ibsen, H., & Torp-Pedersen, C. (2006).
Ambulatory blood pressure monitoring and risk of cardiovascular disease: A
population based study. American Journal Of Hypertension, 19(3), 243-250.
Hansen, T.W., Jeppesen, J., Rasmussen, S.B., Ibsen, H., & Torp-Pedersen, C. (2005).
Ambulatory blood pressure and mortality: a population-based study. Hypertension,
45 4, 499-504.
Haynes, S. N., Gannon, L. R., Orimoto, L., O'Brien, W. H., & Brandt, M. (1991).
Psychophysiological assessment of poststress recovery. Psychological Assessment:
A Journal of Consulting and Clinical Psychology, 3(3), 356–
365. https://doi.org/10.1037/1040-3590.3.3.356
Hendriksen, I. J., Bernaards, C. M., Steijn, W. M., & Hildebrandt, V. H. (2016).
Longitudinal Relationship Between Sitting Time on a Working Day and Vitality,
Work Performance, Presenteeism, and Sickness Absence. Journal of occupational
and environmental medicine, 58(8), 784–789.
https://doi.org/10.1097/JOM.0000000000000809
Heron, M., Hoyert, D., Murphy, S., Xu, J., Kochanek, K., & Tejada-Vera, B. (2009).
Deaths: Final data for 2006. National vital statistics reports. Retrieved from
http://www.cdc.gov/nchs/data/nvsr/nvsr57/nvsr57_14.pdf
Hodgkinson, J, Mant, J, Martin, U, Guo, B, Hobbs, F D R, Deeks, J J, . . . McManus, R J.
(2011). Relative effectiveness of clinic and home blood pressure monitoring
compared with ambulatory blood pressure monitoring in diagnosis of
hypertension: Systematic review. BMJ, 342(Jun24 1), D3621.
Huttenlocher, J. (1991). Early Vocabulary Growth: Relation to Language Input and
Gender. Developmental Psychology, 27(2), 236-248.
Jackson, C.E., & DiPlacido, J. (2019). Vitality as a Mediator Between Diet Quality and
Subjective Wellbeing Among College Students. Journal of Happiness
Studies, 21(5), 1617-1639.

86
John-Henderson, N.A., Gruman, H.E., Counts, C.J., & Ginty, A.T. (2020). American
Indian young adults display diminished cardiovascular and cortisol responses to
acute psychological stress. Psychoneuroendocrinology, 114.
Joint National Committee on Prevention, Detection, Evaluation, Treatment of High Blood
Pressure. (1997). Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure.
Juth, V., Dickerson, S. S., Zoccola, P. M., & Lam, S. (2015). Understanding the utility of
emotional approach coping: evidence from a laboratory stressor and daily
life. Anxiety, stress, and coping, 28(1), 50–70.
https://doi.org/10.1080/10615806.2014.921912
Kamarck, T. W., Debski, T. T., & Manuck, S. B. (2000). Enhancing the laboratory‐to‐life
generalizability of cardiovascular reactivity using multiple occasions of
measurement. Psychophysiology, 37(4), 533-542.
Kannel, W. (2000). Elevated systolic blood pressure as a cardiovascular risk factor. The
American Journal of Cardiology, 85(2), 251-255.
Kark, R., & Carmeli, A. (2009). Alive and creating: The mediating role of vitality and
aliveness in the relationship between psychological safety and creative work
involvement. Journal of Organizational Behavior, 30(6), 785-804.
Kasser, V., & Ryan, R. (1999). The Relation of Psychological Needs for Autonomy and
Relatedness to Vitality, Well‐Being, and Mortality in a Nursing Home 1. Journal
of Applied Social Psychology, 29(5), 935-954.
Khattar, Swales, Banfield, Dore, Senior, Lahiri, & Khattar, R S. (1999). Prediction of
coronary and cerebrovascular morbidity and mortality by direct continuous
ambulatory blood pressure monitoring in essential
hypertension. Circulation, 100(10), 1071-1076.
Khayyam-Nekouei, Z., Neshatdoost, H., Yousefy, A., Sadeghi, M., & Manshaee, G.
(2013). Psychological factors and coronary heart disease. ARYA
atherosclerosis, 9(1), 102–111.
Kirschbaum, C., Pirke, K., & Hellhammer, D.H. (1993). The 'Trier Social Stress Test'--a
tool for investigating psychobiological stress responses in a laboratory
setting. Neuropsychobiology, 28 1-2, 76-81.
Koizumi, Megumi, Ito, Hiroshi, Kaneko, Yoshihiro, & Motohashi, Yutaka. (2008). Effect
of Having a Sense of Purpose in Life on the Risk of Death from Cardiovascular
Diseases. Journal of Epidemiology, 18(5), 191-196.

87
Kokubo Y., Matsumoto C. (2017). Hypertension Is a Risk Factor for Several Types of
Heart Disease: Review of Prospective Studies. In: Islam M.S. (eds)
Hypertension: from basic research to clinical practice. Advances in
Experimental Medicine and Biology, vol 956. Springer, Cham
Kubzansky, L. D., & Thurston, R. C. (2007). Emotional vitality and incident coronary
heart disease: Benefits of healthy psychological functioning. Archives of General
Psychiatry, 64, 1393–1401. doi:10.1001/ archpsyc.64.12.1393
Kubzansky, L. D., Sparrow, D., Vokonas, P., & Kawachi, I. (2001). Is the glass half
empty or half full? A prospective study of optimism and coronary heart disease in
the normative aging study. Psychosomatic medicine, 63(6), 910–916.
Kwok, O. M., Underhill, A. T., Berry, J. W., Luo, W., Elliott, T. R., & Yoon, M. (2008).
Analyzing Longitudinal Data with Multilevel Models: An Example with
Individuals Living with Lower Extremity Intra-articular Fractures. Rehabilitation
psychology, 53(3), 370–386. https://doi.org/10.1037/a0012765
Lam, C., Spreitzer, G., & Fritz, C. (2014). Too much of a good thing: Curvilinear effect of
positive affect on proactive behaviors. Journal of Organizational Behavior, 35(4),
530-546.
Lambiase, M. J., Kubzansky, L. D., & Thurston, R. C. (2015). Positive psychological
health and stroke risk: The benefits of emotional vitality. Health
Psychology, 34(10), 1043-1046.
Laurenceau, J. & Bolger, N. (2013). Intensive Longitudinal Methods: An Introduction to
Diary and Experience Sampling Research. United States: Guilford Publications.
Lavrakas, P. J. (Ed.) (2008). Encyclopedia of survey research methods Thousand Oaks,
CA: SAGE Publications, Inc. doi: 10.4135/9781412963947
Lavrusheva, O. (2020). The concept of vitality. Review of the vitality-related research
domain. New Ideas in Psychology, 56, 100752.
Leitschuh, M., Cupples, L. A., Kannel, W., Gagnon, D., & Chobanian, A. (1991). Highnormal blood pressure progression to hypertension in the Framingham Heart
Study. Hypertension (Dallas, Tex. : 1979), 17(1), 22–27.
Linden, W., Earle, T. L., Gerin, W., & Christenfeld, N. (1997). Physiological stress
reactivity and recovery: Conceptual siblings separated at birth? Journal of
Psychosomatic Research, 42, 117–135.

88
Llabre, M. M., Spitzer, S., Siegel, S., Saab, P. G., & Schneiderman, N. (2004). Applying
Latent Growth Curve Modeling to the Investigation of Individual Differences in
Cardiovascular Recovery from Stress. Psychosomatic medicine, 66(1), 2941. https://doi.org/10.1097/01.PSY.0000107886.51781.9C
Lovibond, S.H. & Lovibond, P.F. (1995). Manual for the Depression Anxiety Stress
Scales. (2nd. Ed.) Sydney: Psychology Foundation.
Maas, C. J. M., & Hox, J. J. (2005). Sufficient Sample Sizes for Multilevel
Modeling. Methodology: European Journal of Research Methods for the
Behavioral and Social Sciences, 1(3), 86–92. https://doi.org/10.1027/16142241.1.3.86
Mallampalli, M. P., & Carter, C. L. (2014). Exploring sex and gender differences in sleep
health: a Society for Women's Health Research Report. Journal of women's health
(2002), 23(7), 553–562. https://doi.org/10.1089/jwh.2014.4816
Massar, S., Liu, J., Mohammad, N. B., & Chee, M. (2017). Poor habitual sleep efficiency
is associated with increased cardiovascular and cortisol stress reactivity in
men. Psychoneuroendocrinology, 81, 151–156.
Matthews, K. A., Owens, J. F., Allen, M. T., & Stoney, C. M. (1992). Do cardiovascular
responses to laboratory stress relate to ambulatory blood pressure levels? Yes, in
some of the people, some of the time. Psychosomatic Medicine, 54(6), 686–697.
Matthews, K., Owens, J., Kuller, L., & Sutton-Tyrrell, K. (1998). Stress-induced pulse
pressure change predicts women's carotid atherosclerosis. Stroke, 29(8), 1525-30.
McCrae, C. S., McNamara, J. P., Rowe, M. A., Dzierzewski, J. M., Dirk, J., Marsiske, M.,
& Craggs, J. G. (2008). Sleep and affect in older adults: using multilevel modeling
to examine daily associations. Journal of sleep research, 17(1), 42–53.
https://doi.org/10.1111/j.1365-2869.2008.00621.x
McEwen, B. (2006). Protective and damaging effects of stress mediators: central role of
the brain. Dialogues Clin Neuroscience, 8(4), 367– 81.
Metropolitan Government of Nashville, Davidson County, & Tennessee. https://www.
nashville.gov/NashVitality.aspx Accessed 31 October 2020.
Möller-Leimkühler A. M. (2007). Gender differences in cardiovascular disease and
comorbid depression. Dialogues in clinical neuroscience, 9(1), 71–83.

89
Morris, C. J., Hastings, J. A., Boyd, K., Krainski, F., Perhonen, M. A., Scheer, F. A., &
Levine, B. D. (2013). Day/night variability in blood pressure: influence of posture
and physical activity. American journal of hypertension, 26(6), 822–828.
https://doi.org/10.1093/ajh/hpt026
Mosca, L., Barrett-Connor, E., & Wenger, N. K. (2011). Sex/gender differences in
cardiovascular disease prevention: what a difference a decade
makes. Circulation, 124(19), 2145–2154.
Mouratidis, A. A., Vansteenkiste, M., Sideridis, G., & Lens, W. (2011). Vitality and
interest–enjoyment as a function of class-to-class variation in need-supportive
teaching and pupils' autonomous motivation. Journal of Educational Psychology,
103(2), 353–366. https://doi.org/10.1037/a0022773
Mouratidis, A. A., Vansteenkiste, M., Sideridis, G., & Lens, W. (2011). Vitality and
interest–enjoyment as a function of class-to-class variation in need-supportive
teaching and pupils' autonomous motivation. Journal of Educational Psychology,
103(2), 353–366. https://doi.org/10.1037/a0022773
Muraven, Gagné, & Rosman. (2008). Helpful self-control: Autonomy support, vitality,
and depletion. Journal of Experimental Social Psychology, 44(3), 573-585.
Myers, A., Malott, O., Gray, E., Tudor-Locke, C., Ecclestone, N., Cousins, S., & Petrella,
R. (1999). Measuring Accumulated Health-Related Benefits of Exercise
Participation for Older Adults: The Vitality Plus Scale. Journals of Gerontology
Series A: Biomedical Sciences and Medical Sciences, 54(9), M456-M466.
Niemiec, C. P., Lynch, M. F., Vansteenkiste, M., Bernstein. J., Deci, E. L., & Ryan, R. M
(2006). The antecedents and consequences of autonomous self-regulation for
college: A self-determination theory perspective on socialization. Journal of
Adolescence, 29, 761-775.
Nix, Ryan, Manly, & Deci. (1999). Revitalization through Self-Regulation: The Effects of
Autonomous and Controlled Motivation on Happiness and Vitality. Journal of
Experimental Social Psychology, 35(3), 266-284.
O'Brien, E., Pickering, T., Asmar, R., Myers, M., Parati, G., Staessen, J., Mengden, T.,
Imai, Y., Waeber, B., Palatini, P., Gerin, W., & Working Group on Blood Pressure
Monitoring of the European Society of Hypertension (2002). Working Group on
Blood Pressure Monitoring of the European Society of Hypertension International
Protocol for validation of blood pressure measuring devices in adults. Blood
pressure monitoring, 7(1), 3–17. https://doi.org/10.1097/00126097-20020200000002

90
O’Neil, A., Scovelle, A., Milner, A.J., & Kavanagh, A. (2018). Gender/Sex as a Social
Determinant of Cardiovascular Risk. Circulation (New York, N.Y.), 137(8), 854864.
Ordaz, S., & Luna, B. (2012). Sex differences in physiological reactivity to acute
psychosocial stress in adolescence. Psychoneuroendocrinology, 37(8), 1135–1157.
Penninx, B. W., Leveille, S., Ferrucci, L., van Eijk, J. T., & Guralnik, J. M. (1999).
Exploring the effect of depression on physical disability: longitudinal evidence
from the established populations for epidemiologic studies of the
elderly. American journal of public health, 89(9), 1346–1352.
https://doi.org/10.2105/ajph.89.9.1346
Penninx, B., Guralnik, J., Bandeen-Roche, K., Kasper, J., Simonsick, E., Ferrucci, L., &
Fried, L. (2000). The Protective Effect of Emotional Vitality on Adverse Health
Outcomes in Disabled Older Women. Journal of the American Geriatrics
Society, 48(11), 1359-1366.
Peterson, C., & Seligman, M. E. P. (2004). Character strengths and virtues: A handbook
and classification. New York: Oxford University Press and Washington, DC:
American Psychological Association.
Pickering, T. G., James, G. D., Boddie, C., Harshfield, G. A., Blank, S., & Laragh, J. H.
(1988). How common is white coat hypertension?. JAMA, 259(2), 225–228.
Pickering, T. G., Shimbo, D., & Haas, D. (2006). Ambulatory blood-pressure
monitoring. The New England journal of medicine, 354(22), 2368–2374.
Pickering, Thomas G, Shimbo, Daichi, & Haas, Donald. (2006). Ambulatory BloodPressure Monitoring. The New England Journal of Medicine, 354(22), 2368-2374.
Pinheiro J, Bates D, DebRoy S, Sarkar D, R Core Team (2020). nlme: Linear and
Nonlinear Mixed Effects Models. R package version 3.1-150, https://CRAN.Rproject.org/package=nlme.
Pressman, S. D., & Cohen, S. (2005). Does positive affect influence health? Psychological
Bulletin, 131(6), 925–971. https://doi.org/10.1037/0033-2909.131.6.925
Raudenbush, S. W., & Bryk, A. S. (2002). Hierarchical linear models: Applications and
data analysis methods (2nd ed.). Thousand Oaks: Sage Publications.
Reis, H. T., Sheldon, K. M., Gable, S. L., Roscoe, J., & Ryan, R. M. (2000). Daily WellBeing: The Role of Autonomy, Competence, and Relatedness. Personality and
Social Psychology Bulletin, 26(4), 419–435.

91
Richman, L. S., Kubzansky, L. D., Maselko, J., Ackerson, L. K., & Bauer, M. (2009). The
relationship between mental vitality and cardiovascular health. Psychology &
Health, 24, 919–932. doi:10.1080/08870440802108926
Rozanski A, Blumenthal JA, Kaplan J. Impact of psychological factors on the
pathogenesis of cardiovascular disease and implications for therapy. Circulation
1999; 99(16): 2192-217.
Rozanski, A., & Cohen, R. (2017). From Vitality to Vital Exhaustion and Other States of
"Tense Tiredness": A New Biopsychosocial Risk Domain. Psychosomatic
Medicine, 79(3), 256-259.
Rozanski, A., & Kubzansky, L. D. (2005). Psychologic functioning and physical health: A
paradigm of flexibility. Psychosomatic Medicine, 67(1, Suppl.), S47–S53.
doi:10.1097/01.psy.0000164253.69550.49
Rozanski, A., Blumenthal, J.A., Davidson K.W., Saab, P.G., & Kubzansky, L. (2005). The
epidemiology, pathophysiology, and management of psychosocial risk factors in
cardiac practice: The emerging field of behavioral cardiology: The emerging field
of behavioral cardiology. Journal of the American College of Cardiology, 45(5),
637-651.
Ryan, R. M., & Deci, E. L. (2008). From ego-depletion to vitality: Theory and findings
concerning the facilitation of energy available to the self. Social and Personality
Psychology Compass, 2, 702-717.
Ryan, R., & Frederick, C. (1997). On Energy, Personality, and Health: Subjective Vitality
as a Dynamic Reflection of Well-Being. Journal of Personality, 65(3), 529-565.
Ryan, R.M., Weinstein, N., Bernstein, J., Brown, K.W., Mistretta, L., & Gagné, M.
(2010). Vitalizing effects of being outdoors and in nature. Journal of
Environmental Psychology, 30(2), 159-168.
Ryff, C.D., & Singer, B. (1998). The contours of positive human health. Psychological
Inquiry, 9, 1–28.
Schillaci, G., & Pucci, G. (2010). The dynamic relationship between systolic and diastolic
blood pressure: yet another marker of vascular aging? Hypertension
Research, 33, 659–66. https://doi.org/10.1038/hr.2010.95
Selye, H. (1956). The stress of life. New York: McGraw-Hill.
Selye, H. (1959). Perspectives in Stress Research. Perspectives in Biology and Medicine
2(4), 403-416. Johns Hopkins University Press.

92
Selye, H. (1975). Confusion and Controversy in the Stress Field. Journal of Human
Stress, 1(2), 37-44.
Sheldon, K. M., Ryan, R., & Reis, H. T. (1996). What Makes for a Good Day?
Competence and Autonomy in the Day and in the Person. Personality and Social
Psychology Bulletin, 22(12), 1270–1279.
Shirai, Kokoro, Iso, Hiroyasu, Ohira, Tetsuya, Ikeda, Ai, Noda, Hiroyuki, Honjo, Kaori, . .
. Tsugane, Shoichiro. (2009). Perceived level of life enjoyment and risks of
cardiovascular disease incidence and mortality: The Japan public health centerbased study. Circulation (New York, N.Y.), 120(11), 956-963.
Smith, S. J., & Lloyd, R. J. (2006). Promoting Vitality in Health and Physical Education.
Qualitative Health Research, 16(2), 249–267.
https://doi.org/10.1177/1049732305285069
Tabachnick, B. G., & Fidell, L. S. (2007). Using multivariate statistics. Boston:
Pearson/Allyn & Bacon.
Thomas, O., Hanton, S., & Jones, G. (2002). An alternative approach to short-form selfreport assessment of competitive anxiety: a research note.
Thomas, O., Hanton, S., & Jones, G. (2002). An alternative short-form self-report
assessment of competitive anxiety: A research note. International Journal of Sport
Psychology, 33, 325-336.
Tindle, Hilary A, Chang, Yue-Fang, Kuller, Lewis H, Manson, JoAnn E, Robinson,
Jennifer G, Rosal, Milagros C, . . . Matthews, Karen A. (2009). Optimism, Cynical
Hostility, and Incident Coronary Heart Disease and Mortality in the Women’s
Health Initiative. Circulation (New York, N.Y.), 120(8), 656-662.
Tintzman, C., Kampf, T., & John-Henderson, N. (under review). Changes in vitality in
response to acute stress: An investigation of the role of anxiety and physiological
reactivity. Anxiety, Stress, & Coping.
Tremblay, M., Blanchard, C. M., Pelletier, L. G., & Vallerand, R. J. (2006). A Dual Route
in Explaining Health Outcomes in Natural Disaster. Journal of Applied Social
Psychology, 36(6), 1502–1522. https://doi.org/10.1111/j.0021-9029.2006.00069.x
Trudel-Fitzgerald, C., Boehm, J. K., Kivimaki, M., & Kubzansky, L. D. (2014). Taking
the tension out of hypertension: a prospective study of psychological well being
and hypertension. Journal of hypertension, 32(6), 1222–1228.

93
Turner, J. R., Girdler, S. S., Sherwood, A., & Light, K. C. (1990). Cardiovascular
responses to behavioral stressors: laboratory-field generalization and inter-task
consistency. Journal of Psychosomatic Research, 34(5), 581-589.
Twisk JW, Snel J, de VW, Kemper HC, van MW. Positive and negative life events: the
relationship with coronary heart disease risk factors in young adults. J Psychosom
Res 2000; 49(1): 35-42.
Verma, R., Balhara, Y. P., & Gupta, C. S. (2011). Gender differences in stress response:
Role of developmental and biological determinants. Industrial psychiatry
journal, 20(1), 4–10. https://doi.org/10.4103/0972-6748.98407
Virani, S. S., Alonso, A., Benjamin, E. J., Bittencourt, M. S., Callaway, C. W., Carson, A.
P., Chamberlain, A. M., Chang, A. R., Cheng, S., Delling, F. N., Djousse, L.,
Elkind, M., Ferguson, J. F., Fornage, M., Khan, S. S., Kissela, B. M., Knutson, K.
L., Kwan, T. W., Lackland, D. T., Lewis, T. T., … American Heart Association
Council on Epidemiology and Prevention Statistics Committee and Stroke
Statistics Subcommittee (2020). Heart Disease and Stroke Statistics-2020 Update:
A Report From the American Heart Association. Circulation, 141(9), e139–e596.
https://doi.org/10.1161/CIR.0000000000000757
Virani, Salim S, Alonso, Alvaro, Benjamin, Emelia J, Bittencourt, Marcio S, Callaway,
Clifton W, Carson, April P, . . . Tsao, Connie W. (2020). Heart Disease and Stroke
Statistics—2020 Update: A Report From the American Heart
Association. Circulation (New York, N.Y.), 141(9), E139-E151.
Whited, M. C., & Larkin, K. T. (2009). Sex differences in cardiovascular reactivity:
Influence of the gender role relevance of social tasks. Journal of
Psychophysiology, 23(2), 77–84. https://doi.org/10.1027/0269-8803.23.2.77
Wilson, J, & Webb, A. (2020). Systolic Blood Pressure and Longitudinal Progression of
Arterial Stiffness: A Quantitative Meta‐Analysis. Journal of the American Heart
Association, 9(17), E017804.
Woltman, Heather, Feldstain, Andrea, MacKay, J. Christine, & Rocchi, Meredith. (2012).
An introduction to hierarchical linear modeling. Tutorials in Quantitative Methods
for Psychology, 8(1), 52-69.
Wu, I.H., & Buchanan, N.T. (2019). Pathways to Vitality: the Role of Mindfulness and
Coping. Mindfulness, 10, 481-491.
Yang, W., Melgarejo, J., Thijs, L., Zhang, Z., Boggia, J., Wei, F., . . . Staessen, J. (2019).
Association of Office and Ambulatory Blood Pressure With Mortality and
Cardiovascular Outcomes. JAMA, 322(5), 409-420.

94
Zanstra, Y. J., & Johnston, D. W. (2011). Cardiovascular reactivity in real life settings:
measurement, mechanisms and meaning. Biological psychology, 86(2), 98–105.
https://doi.org/10.1016/j.biopsycho.2010.05.002
Zigmond, A. S., & Snaith, R. P. (1983). The Hospital Anxiety and Depression
Scale. Acta Psychiatrica Scandinavica, 67(6), 361-370.

